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GETTING STARTED WITH YOUR APPLE II 



Unpacking 

Don't throw, away the packing material . Save it for the unlikely 
event that you may need to return your Apple II for warrantee repair. 
If you bought an Apple II Board only, see hardware section in this 
manual on how to get started. You should have received the following: 

1. Apple II system including mother printed circuit board 
with specified amount of RAM memory and 8K of ROM memory, 
switching power supply, keyboard, and case assembly. 

2. Accessories Box including the following: 

a. This manual including warranty card . 

b. Pair of Game Paddles 

c. A.C. Power Cord 

d. Cassette tape with "Breakouf'on one side 
and "Color Demos" on the other side. 

e. Cassette recorder interface cable (miniature 
phone jack type) 

3. If you purchased a 16K or larger system, your accessory 
box should also contain: 

a. 16K Startrek game cassette with High Resolution 
Graphics Demo ("HIRES") on the flipside. 

b. Applesoft Floating Point Basic Language Cassette 
with an example program on the other side. 

c. Applesoft reference manual 

4. In addition other items such as a vinyl carrying case 
or hobby board peripherial may have been included if 
specifically ordered as "extras". 

Notify your dealer or Apple Computer, Inc. immediately if you are 
missing any items. 

Warranty Registration Card 

Fill this card out imnediately and completely and mail to Apple in 
order to register for one year warranty and to be placed on 
owners club mailing list. Your Apple II's serial number is located 
on the bottom near the rear edge. You model number is: 

A2Sj00fMMX 

MM is the amount of memory you purchased. For Example: 

A2S(3(308X 
is an 8K Byte Apple II system. 
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Check for Damage 

Inspect the outside case of your Apple for shipping damage. Gently 
lift up on the top rear of the lid of the case to release the lid 
snaps and remove the lid. Inspect the inside. Nothing should be 
loose and rattling around. Gently press down on each integrated 
circuit to make sure that each is still firmly seated in its 
socket. Plug in your game paddles into the Apple II board at the 
socket marked "GAME I/O" at location J 14. See hardware section of 
this manual for additional detail. The white dot on the connector 
should be face forward. Be careful as this connector is fragile. 
Replace the lid and press on the back top of it to re-snap it into 
place. 

Power Up 

First, make sure that the power ON/OFF switch on the rear power 
supply panel on your Apple II is in the "OFF" position. Connect 
the A.C. power cord to the Apple and to a 3 wire 12jO volt A.C. 
outlet. Make sure that you connect the third wire to ground if 
you have only a two conductor house wiring system. This ground 
is for your safety if there is an internal failure in the Apple 
power supply, minimizes the chance of static damage to the Apple, 
and minimizes RFI problems. 

Connect a cable from the video output jack on the back of the Apple 
to a TV set with a direct video input jack. This type of set is 
commonly called a "Monitor". If your set does not have a direct 
video input, it is possible to modify your existing set. Write for 
Apple's Application note on this. Optionally you may connect the 
Apple to the antenna terminals of your TV if you use a modulator. 
See additional details in the hardware section of this manual under 
"Interfacing with the Home TV". 

Now turn on the power switch on the back of the Apple. The indicator 

light (it's not a switch) on the keyboard should now be ON. If 

not, check A.C. connections. Press and release the "Reset" button 

on the keyboard. The following should happen: the Apple's internal 

speaker should beep, an asterisk ("*") prompt character should appear 

at the lower left hand corner of your TV, and a flashing white square 

should appear just to the right of the asterisk. The rest of the 

TV screen will be made up of radom text characters (typically question marks). 

If the Apple beeps and garbage appears but you cannot see an and the 
cursor, the horizontal or vertical height settings on the TV need to be 
adjusted. Now depress and release the "ESC" key, then hold down the 
"SHIFT" key while depressing and releasing the P key. This should 
clear your TV screen to all black. Now depress and release the "RESET" 
key again. The "*" prompt character and the cursor should return to 
the lower left of your TV screen. 
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Apple Speaks Several Languages 

The prompt character indicates which language your Apple is currently 
in. The current prompt character, an asterisk ("*"), indicates that 
you are in the "Monitor" language, a powerful machine level language 
for advanced programmers. Details of this language are in the 
"Firmware" section of this manual. 

Apple Integer BASIC 

Apple also contains a high level English oriented language called 
Integer BASIC, permanently in its ROM memory. To switch to this 
language hold down the "CTRL" key while depressing and releasing the 
"B" key. This is called a control-B function and is similiar to 
the use of the shift key in that it indicates a different function 
to the Apple. Control key functions are not displayed on your 
TV screen but the Apple still gets the message. Now depress and 
release the "RETURN" key to tell Apple that you have finished typing 
a line on the keyboard. A right facing arrow (">") called a caret 
will now appear as the prompt character to indicate that Apple is 
now in its Interger BASIC language mode. 

Running Your First and Second Program 

Read through the next three sections that include: 

1. Loading a BASIC program Tape 

2. Breakout Game Tape 

3. Color Demo Tape 

Then load and run each program tape. Additional information on 
Apple II's interger BASIC is in the next section of this manual. 

Running 16K Startrek 

If you have 16K Bytes or larger memory in your Apple, you will also 
receive a "STARTREK" game tape. Load this program just as you did 
the previous two, but before you "RUN" it, type in "HIMEM: 16384" 
to set exactly where in memory this program is to run. 
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LOADING A PROGRAM TAPE 



INTRODUCTION 

This section describes a procedure for loading BASIC programs 
successfully into the Apple II. The process of loading a program is divided 
into three section; System Checkout, Loading a Tape and What to do when 
you have Loading Problems. They are discussed below. 

When loading a tape, the Apple II needs a signal of about 2 1/2 to 5 
volts peak-to-peak. Commonly, this signal is obtained from the "Monitor" 
or "earphone" output jack on the tape recorder. Inside most tape recorders, 
this signal is derived from the tape recorder's speaker. One can take 
advantage of this fact when setting the volume levels. Using an Apple 
Computer pre-recorded tape, and with all cables disconnected, play the tape 
and adjust the volume to a loud but un-distorted level. You will find that 
this volume setting will be quite close to the optimum setting. 

Some tape recorders (mostly those intended for use with hi-fi sets) 
do not have an "earphone" or high-level "monitor" output. These machines 
have outputs labeled "line output" for connection to the power amplifier. 

The signal levels at these outputs are too low for the Apple II in most cases. 

Cassette tape recorders in the $4p - $5(3 range generally have ALC 
(Automatic Level Control) for recording from the microphone input. This feature 
is useful since the user doesn't have to set any volume controls to obtain 
a good recording. If you are using a recorder which must be adjusted, it 
will have a level meter or a little light to warn of excessive recording levels. 
Set the recording level to just below the level meter's maximum, or to just a 
dim indication on the level lamp. Listen to the recorded tape after you've 
saved a program to ensure that the recording is "loud and clear". 

Apple Computer has found that an occasional tape recorder will not function 
properly when both Input and Output cables are plugged in at the same time. 
This problem has been traced to a ground loop in the tape recorder itself which 
prevents making a good recording when saving a program. The easiest solution 
is to unplug the "monitor" output when recording. This ground loop does not 
influence the system when loading a pre-recorded tape. 
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Tape recorder head alignment is the most common source of tape recorder 
problems. If the playback head is skewed, then high frequency information 
on pre-recorded tapes is lost and all sorts of errors will result. To confirm 
that head alignment is the problem, write a short program in BASIC. >10 END 
is sufficient. Then save this program. And then rewind and load the program. 
If you can accomplish this easily but cannot load pre-recorded tapes, then 
head alignment problems are indicated. 

Apple Computer pre-recorded tapes are made on the highest quality professional 
duplicating machines, and these tapes may be used by the service technician to 
align the tape recorder's heads. The frequency response of the tape recorder 
should be fairly good; the 6 KHz tone should be not more than 3 db down from 
a 1 KHz tone, and a 9 KHz tone should be no more than 9 db down. Note that 
recordings you have made yourself with mis-aligned heads may not not play 
properly with the heads properly aligned. If you made a recording with a 
skewed record head, then the tiny magnetic fields on the tape will be skewed as 
well, thus playing back properly only when the skew on the tape exactly matches 
the skew of the tape recorder's heads. If you have saved valuable programs with 
a skewed tape recorder, then borrow another tape recorder, load the programs with 
the old tape recorder into the Apple, then save them on the borrowed machine. 
Then have your tape recorder properly aligned. 

Listening to the tape can help solve other problems as well. Flaws in the 
tape, excessive speed variations, and distortion can be detected this way. 
Saving a program several times in a row is good insurance against tape flaws. 
One thing to listen for is a good clean tone lasting for at least 3 1/2 seconds 
is needed by the computer to "set up" for proper loading. The Apple puts out 
this tone for anout 1(? seconds when saving a program, so you normally have 
6 1/2 seconds of leeway. If the playback volume is too high, you may pick up tape 
noise before getting to the set-up tone. Try a lower playback volume. 

SYSTEM CHECKOUT 

A quick check of the Apple II computer system will help you spot any 
problems that might be due to improperly placed or missing connections between 
the Apple II, the cassette interface, the Video display, and the game 
paddles. This checkout procedure takes just a few seconds to perform and 
is a good way of insuring that everything is properly connected before the 
power is turned on. 



"DTCA2DOC-469-005.PICT" 379 KB 2001-06-26 dpi: 600h x 600v pix: 2786h x 3986v 



Source: David T Craig 



Page 0009 of 0156 



Apple 2 Computer Information • Document 469 • Apple 2 Reference Manual (Jan. 1978) 



1. POWER TO APPLE - check that the AC power cord is plugged 
into an appropriate wall socket, which includes a "true" 
ground and is connected to the Apple II. 

2. CASSETTE INTERFACE - check that at least one cassette 
cable double ended with miniature phone tip jacks is 
connected between the Apple II cassette Input port and 
the tape recorder's MONITOR plug socket. 

3. VIDEO DISPLAY INTERFACE - 

a) for a video monitor - check that a cable connects 
the monitor to the Apple's video output port. 

b) for a standard television - check that an adapter 
(RF modulator) is plugged into the Apple II (either 
in the video output (K 14) or the video auxiliary 
socket (J148), and that a cable runs between the 
television and the Adapter's output socket. 

4. GAME PADDLE INTERFACE - if paddles are to be used, check 
that they are connected into the Game I/O connector (J14) 
on the right-hand side of the Apple II mainboard. 

5. POWER ON - flip on the power switch in back of the Apple II, 
the "power" indicator on the keyboard will light. Also 
make sure the video monitor (or TV set) is turned on. 

After the Apple II system has been powered up and the video display 
presents a random matrix of question marks or other text characters the 
following procedure can be followed to load a BASIC program tape: 

1. Hit the RESET key. 

An asterick, "*", should appear on the lefthand side 

of the screen below the random text pattern. A flashing 

white cursor will appear to the right of the asterick. 

2. Hold down the CTRL key, depress and release the B key, 
then depress the "RETURN" key and release the "CTRL" key. 
A right facing arrow should appear on the lefthand side 
of the screen with a flashing cursor next to it. If it 
doesn't, repeat steps 1 and 2. 

3. Type in the word "LOAD" on the keyboard. You should see 
the word in between the right facing arrow and the 
flashing cursor. Do not depress the "RETURN" key yet . 

4. Insert the program cassette into the tape recorder and 
rewind it. 

5. If not already set, adjust the Volume control to 5(3-70% 
maximum. If present, adjust the Tone control to 80-100% 
maximum. 
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6. Start the tape recorder in "PLAY" mode and now depress 
the "RETURN" key on the Apple II. 

7. The cursor will disappear and Apple II will beep in a 
few seconds when it finds the beginning of the program. 
If an error message is flashed on the screen, proceed 
through the steps listed in the Tape Problem section 
of this paper. 

8. A second beep will sound and the flashing cursor will 
reappear after the program has been successfully loaded 
into the computer. 

9. Stop the tape recorder. You may want to rewind the program 
tape at this time. 

10. Type in the word "RUN" and depress the "RETURN" key. 

The steps in loading a program have been completed and if everying has 
gone satisfactorily the program will be operating now. 

LOADING PROBLEMS 

Occasionally, while attempting to load a BASIC program Apple II 
beeps and a memory full error is written on the screen. At this time 
you might wonder what is wrong with the computer, with the program tape, 
or with the cassette recorder. Stop. This is the time when you need 
to take a moment and checkout the system rather than haphazardly attempt- 
ing to resolve the loading problem. Thoughtful action taken here will 
speed in a program's entry. If you were able to successfully turn on the 
computer, reset it, and place it into BASIC then the Apple II is probably 
operating correctly. Before describing a procedure for resolving this 
loading problem, a discussion of what a memory full error is in order. 

The memory full error displayed upon loading a program indicates that 
not enough (RAM) memory workspace is available to contain the incoming data. 
How does the computer know this? Information contained in the beginning of 
the program tape declares the record length of the program. The computer 
reads this data first and checks it with the amount of free memory. If 
adequate workspace is available program loading continues. If not, the 
computer beeps to indicate a problem, displays a memory full error statement, 
stops the loading procedure, and returns command of the system to the key- 
board. Several reasons emerge as the cause of this problem. 
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Memory Size too Small 

Attempting to load a 16K program into a 4K Apple II will generate this 
kind of error message. It is called loading too large of a program. The 
solution is straight forward: only load appropriately sized programs into 

suitably sized systems. 

Another possible reason for an error message is that the memory pointers 
which indicate the bounds of available memory have been preset to a smaller 
capacity. This could have happened through previous usage of the "HIMEN:" 
and "LOMEN:" statements. The solution is to reset the pointers by B (CTRL 6) 
command. Hold the CTRL key down, depress and release the B key, then depress 
the RETURN key and release the CTRL key. This will reset the system to max- 
imum caoacitv. 



Cassette Recorder Inadjustment 

If the Volume and Tone controls on the cassette recorder are not 
properly set a memory full error can occur. The solution is to adjust 
the Volume to 5j3-7p% maximum and the Tone (if it exists) to 8(3-1 
maximum.* 

A second common recorder problem is skewed head azimuth. When 
the tape head is not exactly perpendicular to the edges of the magnetic 
tape some of the high frequency data on tape can be skipped. This causes 
missing bits in the data sent to the computer. Since the first data read 
is record length an error here could cause a memory full error to be 
generated because the length of the record is inaccurate. The solution: 
adjust tape head azimuth. It is recommended that a competent technician 
at a local stereo shop perform this operation. 
Often times new cassette recorders will not need this adjustment. 



*Apple Computer Inc. has tested many types of cassette recorders and so far 
the Panasonic RQ-309 DS (less than $40.00) has an excellent track record 
for program loading. 
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Tape Problems 

A memory full error can result from unintentional noise existing in 
a program tape. This can be the result of a program tape starting on its 
header which sometimes causes a glitch going from a nonmagnetic to magnetic 
recording surface and is interpreted by the computer as the record length. 
Or, the program tape can be defective due to false erasure, imperfections 
in the tape, or physical damage. The solution is to take a moment and 
listen to the tape. If any imperfections are heard then replacement of the 
tape is called for. Listening to the tape assures that you know what a 
"good" program tape sounds like. If you have any questions about this please 
contact your local dealer or Apple for assistance. 



If noise or a glitch is heard at the beginning of a tape advance the 
tape to the start of the program and re-Load the tape. 

Dealing with the Loading Problem 

With the understanding of what a memory full error is an efficient way 
of dealing with program tape loading problems is to perform the following 
procedure: 

1. Check the program tape for its memory requirements. 
Be sure that you have a large enough system. 

2. Before loading a program reset the memory pointers 
with the (control B) command. 

3. In special cases have the tape head azimuth 
checked and adjusted. 

4. Check the program tape by listening to it. 

a) Replace it if it is defective, or 

b) start it at the beginning of the program. 

5. Then re-LOAD the program tape into the Apple II. 

In most cases if the preceeding is followed a good tape load will result. 
UNSOLVED PROBLEMS 

If you are having any unsolved loading problems, contact your 
nearest local dealer or Apple Computer Inc. 
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BREAKOUT GAME TAPE 



PROGRAM DESCRIPTION 

Breakout is a color graphics game for the Apple II computer. The object of 
the game is to "knock-out' all 16ja colored bricks from the playing field by 
hitting them with the bouncing ball. You direct the ball by hitting it with 
a paddle on the left side of the screen. You control the paddle with one of 
the Apple's Game Paddle controllers. But watch out: you can only miss the 
ball five times 1 

There are eight columns of bricks. As you penetrate through the wall the 
point value of the bricks increases. A perfect game is 729 points; after 
five balls have been played the computer will display your score and a 
rating such as "Very Good". "Terrible!", etc. After ten hits of the ball, 
its speed with double, making the game more difficult. If you break through 
to the back wall, the ball will rebound back and forth, racking up points. 

Breakout is a challenging game that tests your concentration, dexterity, 
and skill . 

REQUIREMENTS 

This program will fit into a 4K or greater system. 
BASIC is the programming language used. 

PLAYING BREAKOUT 

1. Load Breakout game following instructions in the "Loading 
a BASIC Program from Tape" section of this manual. 

2. Enter your name and depress RETURN key. 

3. If you want standard BREAKOUT colors type in Y or Yes 
and hit RETURN. The game will then begin. 

4. If the answer to the previous questions was N or No 
then the available colors will be displayed. The 
player will be asked to choose colors, represented by a 
number from 9i to 15, for background, even bricks, odd 
bricks, paddle and ball colors. After these have been 
chosen the game will begin. 
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5. At the end of the game you will be asked if they 

want to play again. A Y or Yes response will start 
another game. A N or No will exit from the program. 



NOTE: A game paddle (150k ohm potentiometer) must be connected 
to PDL (0) of the Game I/O connector for this game. 



COLOR DEMO TAPE 



PROGRAM DESCRIPTION 

COLOR DEMO demonstrates some of the Apple II video graphics 
capabilities. In it are ten examples: Lines, Cross, Weaving, 
Tunnel, Circle, Spiral, Tones, Spring, Hyperbola, and Color Bars. 
These examples produce various combinations of visual patterns 
in fifteen colors on a monitor or television screen. For example. 
Spiral combines colorgraphics with tones to produce some amusing 
patterns. Tones illustrates various sounds that you can produce 
with the two inch Apple speaker. These examples also demonstrate 
how the paddle inputs (PDL(X)) can be used to control the audio 
and visual displays. Ideas from this program can be incorporated 
into other programs with a little modification. 

REQUIREMENTS 

4K or greater Apple II system, color monitor or television, 
and paddles are needed to use this program. BASIC is the pro- 
gramming language used. 
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BREAKOUT GAME 






PROGRAM LISTING 
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65:y=-y5J=T: FOR i=l TO 6:K= 


;: GOTO 1£5KS/168)*5 




PEEK (-16336)5 NEKT I 


125 PRIHT 'TERRISLEr: GOTO 165 


C.J rlt.lHi jlnNl'hKU LULlma JH» 


65 MMk IF IO THEH 188: GOSUB 




iHrlit I'n/ ,B*; ur ; LnLL 


i7i3: C0L0R=fl:K=J/3: IF I>39 


138 PRINT ^LOUSV.'t GOTO 165 


i!i£i 'C Dii' t i iS-U" TUCl' SH 

-y-jb! if ii*\l,i;f n Irith 4B 


THEN 75: IF SCRH(I.K)=ft THEN 


135 PRIHT 'POOR.'; GOTO 165 


! luK i-0 IU 6r. wLUK-l'C* 


85: IF I THEN 168sH=HthV=( 


148 PRINT =FRIR/: GOTO 165 


V isoc.j! fllfi OjJ? n! I 


N>5)+l:y=(K-P)*£-5!S=i 


145 PRINT "GOOD.": GOTO 165 


io HtXI i: rUKt OH,ca; rRlHi : 


79 Z= PEEK (-16336)- PEEK (-16336 


158 PRIHT 'VERV GOOD.^: GOTO 165 


DDTUT . DD'UT » CnD T-6 Tfi 

rklfii ; iKiHl . rUK 1-8 IU 


)t PEEK (-16336)- PEEK (-16336 




UTQC Olil Hfili 3. TQa I* 

13: fliiD iliTi Wv ci Irto IT 


)+ PEEK (-16336)- PEEK (-16336 


155 PRINT 'LKCELLEHT.'; GOTO 165 


Till DDTUT 1 >■ UrV'T Ti E'TjtT 

i+1; rKltil i;; Ht?.i i: ruRL 


)+ PEEK (-16336): GOTO 85 




JhjCc: Ylno c4; rt!iHI : rKlHi 


75 FOR 1=1 TO 6:H= PEEK (-16356 


168 PRINT 'HEfiRLY PERFECT. " 




): mi l:I=K:H=6 


165 PRINT 'BHOTHER GhHE ';Hfj' (WH) 


"tir rrirnci riC.o-r, DriiMT arnrti Ci"'?'-'-''' 


89 V=-V 


'y. INPUT H$: IF fi*(l,t)="T'^ 


>i itncnc OKiD-ri dc-tut »ftr>ri DDir 
;! tiUjUb JjId-l; rKlrli w\t dkii- 


85 PLOT CQLOR-E: PLOT I, 


THEH £5: TEH : CSLL -936; 


k bijjUb 1^j:1-L! rKiHi i-mvii 


k^.^zi.'/:.]. GfiTO 68 


VThB 18: TfiB 18: PRIHi "GRHE OV 


liUjUD SD;D=t{ rkihi bfta 


% PRINT "IHVhLID. RLLHitR"; 


ER": EHD 


G0Sl!6 95 


95 IHPUT ' PiUOP (8 TO 15)' .E: 


178 Q=( PDL (g)-2e)/6: IF Q<e THEH 


FUkE j4,d8! lULLii^=H: hJR i= 


IF Ef8 OR E>15 THEH 96: RETU6H 

il L \v vt\ *r* tvt 1 lii-ii » 111- ' Willi 


Q=8: IF Q>=34 THEH 9=34: COLORS 


B TU cfy; VLIH 8,39 Ri h HtsT 




D: VLIH y,Qi5 ftT 8: COLOR^fi; 


i: FUK i-d^ TU o=t biLF c*. iHfc! 




IF P)ii THEH 175: IF Q THEH 


Ti<i COTUT ! •••■' Oil rni nD-D- 

l+i; rhln! i-c-j;: LuLUk-b; 




VLIH 8,9-1 HT 6:P=Q: REiyRH 


¥L1N D,J7 HI i: lULUk-L! rUk 






i-i nw 4 lU biLr 4 




175 IF F=Q THEH RETURH : IF Qf34 






THEH VLIH g+6,39 HT 8:P=6; 






RETORH 






188 FOR 1=1 TO 88:8= PEEK (-16336 






): HEKT I: GOTO 58 
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COLOR DEMO PROGRAM 






LISTING 




PROGRAM LISTING 






18 DIH C(4): PAKE c,173: PO^E 


368 J=j+l'J=J KOD 22+1- FOR 1=1 


788 1= HHD <38)t3:J=l4l*5tI*£6+ 


3,48: POKE 4,192: POKE 5,165 


TO 12*^5' CQLOprl HOD 'si'- PLOT 


?e:K=3276?/J*( PDL (§)/18): 


: POKE i,8: POKE POKE 


(m '> HOfi 37 (3*1) Mi i5: HE^'T 


POKE e,I: POKE 1,K ROD 256 


8 168: POKE 5. £52: POKE 16. 




: POKE 24,(K)255)tl: CBLL E 


U/y PO^E 11 1: POKE 1£.?kS 


4hh for 1=1 Til i'iiV)- RHi) Mb) 


: GOSLie 18886: GOTO 788 






888 S<;=3:fi=1688:P=H;L=2e:y=4:V=8 


28 POKE l:i.4: POKE 14.198; POKE 


4*5 PfjD [-■-: xr, i CTfp _1.f(I^< ) 
Tit* ryp. i. 'J t i jtwi uLsi'i/ 


:J=1; C0L0R=6: HLIH 8,39 Hi 


15,24: POKE 16,249; POKE 17 


i | iMT I'f/tk RH& (16 


4:, C0lUR=9: GOSiiB 888: tOL0R= 


5: POKE 18.1%: POKE 19.1: 


Ffii? 1=1 in Fflg ]=i TO 


12: VLIH 5,H-2 HT I 


POKE 28.7h: POKE 21.2: POKE 


4 


816 H=2*H-P-fl/y: C0LUR=8: GOSOB 


£2.0: POKE 23.96 


428 rni ilP=i\' 5 )'! =J?'^4l4-fl'f = -;9- 


388: VLIH 5,39 Hi H:i^=Ktl: IF 


3§ TEST : CfiLL -936; vTfiS 4: TBB 


l_« ill. lij r-.fi- III r*. » Tt- 111 rv |1- HI 


WSi THEN 828:^=3: VLIH 5,39 


8: PRIHT "4K COLOR DEHOS'; PFaHT 


1 • HLiN K L fiT t ' "LIN K L AT 

Lt lit- ill n|U 111 i-i iLin r. ji. Hi 


OT 1: VLIH 5,39 BT 2 


: PPIHT '1 LINES': PRiHl '2 GROS 




828 P=fl:B=H:V=B/188: C0L0R=12: GGSOB 






888: C0L0R=9: VLIH 5,H-2 Hi 


48 PRINT "4 TUHNEL": PRiHT '5 CIkCL 


Kga 2=os. GOTO 9^8 


tx C0L0R=15: PLOT K-2,R: FOR 


E": PRIHT "6 SPIKHL **": PRINT 


6fiS f fliflR= RnP' i'lh)-' FOP I=« TQ 


1=8 TO J: HEKT I: GOSUB 16886 


'7 TONES ** ": PRIHT '8 SPRING" 


1 u ^ t LI L.« if -J / 1 ■ llL ill i / V III 


: GOTO 818 






686 H=L-V;Li=H-l:L?=Htl: VLIH LU 


58 PRIHT "9 HYPERBOLft": PRIHT 


r,ftSilR 648 


L2 HT S-h VLIH Li,L2 Hi ii: 


"18 COLOR BRRS": PRINT : PRINT 


6iH Ht IN !+? '1 AT J- GO^.ijB 648' 


VLIH L1,L2 BT RETURN 


"** HEEDS PDL(6) COHHECTED" 


'^LIN i+2 J AT 1+2- T'OSiiB 648 




: PRIHT 




988 1=1+1 HOD 15: FOR ?=8 TO 39 


faS PRIHT 'HIT M'i KE'f FOR HEy DEHC' 


628 COLQk= PHD (16)- FOS? 1=18 TO 


: FOR TO 39; COLOR=It( BBS 


:Z=8: PRIHT : IHPOT 'yHICH DEHO 


a cT[p -p. i=3M-j. yLIH it2 


(28-K)-Z)*( BBS (28-V)-Z)/25 


1 M; 6R : If 1)8 BNO KU 


I AT up. (jfi^jlD as. Hi I|i U 

V ill 1 * L ■ UUW-*L' w I 1 ii_ i 11 i > 


: PLOT ft,Y: HEKT Vh GOSUB 


THEN GOTO 18.8*1: GOTO 38 


3 J fit j. nosilB 648 


18988: GOTO 988 


78 IHPOT 'yHICH DEHO iiOULD YOU LIKE 


638 VEIN I ! RT !■ GQSliB 648- HLIH 


1888 CBLL -936 


M: 6R : IF I fiKD Kcs THEN 




1618 J=ltJ HOD 32: C0L0R=J/2: VLIH 


GOTO 186*1: GOTO 38 




8,39 BT 3+J: VTBB 21+(J/2) HOD 


166 I=UI HGi! ?9:J=I+(I)39)*(79 




2: TBB 3+J: IF J HOu 2 THEN 


GGSOB 2886: G05UB 18688 


/L*( PDL (8)/18): POKE 8,K: 


PRIHT j/2;: GOSUB 18866: GOTO 


? GOTO 188 


POKE 1,L ROD 25b: POKE 24, 


1818 


28? I=ltl HOD 39:J=I: GQSUB 2688 


L/25fa+l: CRLL 2: RETURB 


2888 COLOR= RHB (16): HLIH 8,39 BT 


:J=39-I: GOSUB 288B: GuSyB 




J: COLOR= RNO (16): VLIH 6, 


18808: GOTO 288 




39 BT J: RETURN 






16888 IF PEEK ( -16384 K 128 THEN RETURN 






; POKE -16368,8: POP : GOTO 
38 
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APPLE 11 STARTREK VERSION 



THIS IS A SHORT DESCRIPTION (IF HOW TO PLAY STARTREK ON THE 
APPLE COMPUTER. 

THE UNIVERSE IS MADE UP OF 6^ QUADRANTS IN AN 6 BY 8 MATRIX. 
THE OUADRANT IN WHICH YOU 'THE ENTERPRISE ' ARE. IS IN WHlTEt 
AND A BLOW UP OF THAT OUADRANT IS FOUND IN THE LOWER LEFT 
CORNER. YOUR SPACE SHIP STATUS IS FOUND IN A TABLE TO 
THE RIGHT SIDE OF THE OUADRANT SLOW UP. 

THIS IS A SEARCH AND DESTROY MISSION. THE OBJECT IS TO LONG-RANGE 
SENSE FOR INFORMATION AS TO WHERE KLINGONS (K) AREr MOVE TO THAT OUADRANT, 
AND DESTROY. 

NUMBERS DISPLAYED FOR EACH QUADRANT DENOTES 

♦ OF STARS IN THE ONES PLACE 
« OF BASES IN THE TENS PLACE 

# OF KLINQONS IN THE HUNDREDS PLACE 
AT ANY TIME DURING THE OAMEr FOR INSTANCE BEFORE ONE TOTALLY 

RUNS OUT OF ENERGY. OR NEEDS TO REGENERATE ALL SYSTEMS. ONE MOVES TO A 
OUADRANT WHICH INCLUDES A BASE. IONS NEXT TO THAT BASE (B) AT WHICH TIME 
THE BASE SELF-DESTRUCTS AND THE ENTERPRISE <E> HAS ALL SYSTEMS •GO- 
AGAIN. 

TO play: 

1. THE COMMANDS CAN BE OBTAINED BY TYPING A *0- (ZERO) AND RETURN. 
THEY ARE) 

I. PROPULSION 2. REGENERATE 
3. LONG RANGE SENSORS A. PHASERS 

5. PHOTON TORPEDOES 6. GALAXY RECORD 

7. COMPUTER 8. PROBE 

9. SHIELD ENERGY 10. DAMAGE REPORT 

II. LOAD PHOTON TORPEDOES 

2. THE COMAHDS ARE INVOKED BY TYPING THE NUMBER REFERING TO THEM 

FOLLOWED BY A "RETURN". 

A. IF RESPONSE IS 1 THE COMPUTER MILL ASK WARP OR ION AND 

EXPECTS -U" IF ONE WANTS TO TRAVEL IN THE GALAXY 
BETWEEN OUADRANTS AND AN "I" IF ONE WANTS ONLY 
INTERNAL QUADRANT TRAVEL. 

DURATION OR WARP FACTOR IS THE NUMBER OF SPACES OR 
QUADRANTS THE ENTERPRISE WILL MOVE. 

COURSE IS COMPASS READING IN DEGREES FOR THE DESI- 
RED DESTINATION. 

B. A 2 REGENERATES THE ENERGY AT THE EXPENSE OF TIME. 

C. A 3 GIVES THE CONTENTS OF THE IMMEDIATE ADJACENT OUADRANTS. 

THE GALAXY IS WRAP-AROUND IN ALL DIRECTIONS. 
II. 4 FIRES PHASERS AT THE EXPENSE OF AVAILABLE ENERGY. 



E. 5 INITIATES A SET OF QUESTIONS FOR TORPEDO FIRING. 

THEY CAN BE FIRED AUTOMATICALLY IF THEY HAVE 

BEEN LOCKED ON TARGET WHILE IN THE COMPUTER 

MODE. OR MAY BE FIRED MANUALLY IF THE TRAGECTORY ANGLE 

IS KNOWN. 

F. 6f 8 AND 10 ALL GIVE INFORMATION ABOUT THE STATUS OF THE* SMI P 

AND ITS ENVIRONMENT. 

G. y SETS THE SHIELD ENERGY/AVAILABLE ENERGY RATIO. 

H. 11 ASKS FOR INFORMATION ON LOADING AND UNLOADING OF 

PHOTON TORPEDOES AT THE ESPENSE OF AVAILABLE ENERGY. 

THE ANSWER SHOULD BE A SIGNED NUMBER. FOR EXAMPLE 
+5 OR -2. 

i. 7 enters a computer which will respond to the following 
instructions: 

1. COMPUTE course 2. LOCK PHASERS 

3. LOCK PHOTON TORPEDOES 

A. LOCK COURSE 5. COMPUTE TREJECTORY 

6. STATUS 7, RETURN TO COMAND MODE 

IN THE FIRST FIVE ONE WILL HAVE TO GIVE COORDINATES. 

COORDINATES ARE GIVEN IN MATHMATICAL NOTATION WITH 

THE EXCEPTION THAT THE "Y* VALUE IS GIVEN FIRST. 

AN EXAMPLE WOULD BE 'YfX* 

COURSE OR TRAJECTORY! 


! 
I 
I 
! 

270 + yo 

I 
I 
I 
I 

180 



THIS EXPLANATION WAS WRITTEN BY ELWOOD 
NOT RESPONSIBLE FOR 
ERRORS 
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LOADING THE HI-RES DEMO TAPE 



PROCEDURE 

1. Power up system - turn the AC power switch in the back 
of the Apple II on. You should see a random matrix of 
question marks and other text characters. If you don't, 
consult the operator's manual for system checkout pro- 
cedures. 

2. Hit the RESET key. On the left hand side of the screen 
you should see an asterisk and a flashing cursor next to 
it below the text matrix. 

3. Insert the HI -RES demo tape into the cassette and rewind 
it. Check Volume {S(jl-79%) and Tone (8^-199^) settings. 

4. Type in "C00.FFFR" on the Apple II keyboard. This is the 
address range of the high resolution machine language sub- 
program. It extends from $C0?) to $FFF. The R tells the 
computer to read in the data. Do not depress the "RETURN" 
key yet. 

5. Start the tape recorder in playback mode and depress the 
"RETURN" key. The flashing cursor disappears. 

5. A beep will sound after the program has been read in. 

STOP the tape recorder. Do not rewind the program tape yet. 

7. Hold down the "CTRL" key, depress and release the B key, 
then depress the "RETURN" key and release the "CTRL" key. 
You should see a right facing arrow and a flashing cursor. 
The command places the Apple into BASIC initializing 
the memory pointers. 

8. Type in "LOAD", restart the tape recorder in playback mode 
and hit the "RETURN" key. The flashing cursor disappears. 
This begins the loading of the BASIC subprogram of the 

HI -RES demo tape. 

9. A beep will sound to indicate the program is being loaded. 
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10. A second beep will sound, and the right facing arrow 
will reappear with the flashing cursor. STOP the 
tape recorder. Rewind the tape. 

11. Type in "HIMEM:8192" and hit the "RETURN" key. This 
sets up memory for high resolution graphics. 

12. Type in "RUN" and hit the "RETURN" key. The screen 
should clear and momentarily a HI -RES demo menu table 
should appear. The loading sequence is now completed. 



SUMMARY OF HI -RES DEMO TAPE LOADING 



1 . RESET 

2. Type in C00.FFFR 

3. Start tape recorder, hit RETURN 

4. Asterick or flashing cursor reappear 
BC (CTRL B) into BASIC 

5. Type in "LOAD", hit RETURN 

6. BASIC prompt (7) and flashing cursor 
reappear. Type in "HIMEN:8192" , hit 
RETURN 

7. Type in "RUN", hit RETURN 

8. STOP tape recorder, rewind tape. 
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APPLE II INTEGER BASIC 

1. BASIC Commands 

2. BASIC Operators 

3. BASIC Functions 

4. BASIC Statements 

5. Special Control and Editing 

6. Table A — Graphics Colors 

7. Special Controls and Features 

8. BASIC Error Messages 

9. Simplified Memory Map 

10. Data Read/Save Subroutines 

11. Simple Tone Subroutines 

12. High Resolution Graphics 

13. Additional BASIC Program Examples 
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BASIC COMMANDS 




Commands are executed immediately; they do not require line numbers. Most Statements 
(see Basic Statements Section) may also be used as commands. Remember to press 
Return key after each command so that Apple knows that you have finished that 
line. Multiple commands (as opposed to statements) on same line separated by 
a " : " are NOT allowed. 


COMMAND NAME 




AUTO num 


Sets automatic line numbering mode. Starts at line 
number nww7 and increments line numbers by 10. To 
exit AUTO mode, type a control X*, then type the 
letters "MAN" and press the return key. 


AUTO numli nvm2 


Same as above execpt increments line numbers by 
number num2. 


CLR 


Clears current BASIC variables; undimensions arrays. 
Program is unchanged. 


CON 


Continues program execution after a stop from a 
control C*. Does not change variables. 


DEL nvml 


Deletes line mmherniml. 


DEL nvmli num2 


Deletes program from line numbernwOTl through line 
number num2. 


DSP var 


Sets debug mode that will display variable vor every- 
time that it is changed along with the line number 
that caused the change. (NOTE: RUN command clears 
DSP mode so that DSP command is effective only if 
program is continued by a CON or GOTO command.) 


HIMEM: expv 


Sets highest memory location for use by BASIC at 
location specified bv expression earpfin decimal. 
HIMEM: may not be increased without destroying program. 
HIMEM: is automatically set at maximum RAM memory when 
BASIC is entered by a control B*. 


GOTO expv 


Causes immediate jump to line number specified by 
expression ezpr. 


GR 


Sets mixed color graphics display mode. Clears screen 
to black. Resets scrolling window. Displays 4)Dx40 
squares in 15 colors on top of screen and 4 lines of text 

at DUtUUlll. 


LIST 


Lists entire program on screen. 


LIST nvml 


Lists program line number nml. 


LIST nvml^ num2 


Lists program line mmhernuml through line number 
nujv2. 
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LOAD expr. 


K6aOS ^LOaaSy a tSAolL prog'Sni Trom CaSSette kope. 

start tape recorder before hitting return key. Two 
beeps and a ">" indicate a good load. "ERR" or "MEM" 
FULL ERR" message indicates a bad tape or poor recorder 
performance. 


LOMEM: expr 


Similar to HIMEM: except sets lowest memory location 
available to BASIC. Automatically set at 2048 when 
BASIC is entered with a control B*. Moving LOMEM: 
destroys current variable values. 


MAN 


Clears AUTO line numbering mode to all manual line 
numbering after a control C* or control X*. 


NEW 


Clears (Scratches) current BASIC program. 


NO DSP var 


Clears DSP mode for variable war. 


NO TRACE 


Clears TRACE mode. 


RUN 


Clears variables to zero, undimensions all arrays and 
executes program starting at lowest statement line 
number. 


RUN expr 


Clears variables and executes program starting at line 
number specified by expression expr. 


SAVE 


Stores (saves) a BASIC program on a cassette tape. 
Start tape recorder in record mode prior to hitting 
return key. 


TEXT 


Sets all text mode. Screen is formated to display 
alpha-numeric characters on 24 lines of 4J?) characters 
each. TEXT resets scrolling window to maximum. 


TRACE 


Sets debug mode that displays line number of each 
statement as it is executed. 

* Control characters such as control X or control C are 
typed by holding down the CTRL key while typing the 
specified letter. This is similiar to how one holds 
down the shift key to type capital letters. Control 
characters are NOT displayed on the screen but are 
accepted by the computer. For example, type several 
control G's. We will also use a superscript C to indicate 
a control character as in X^. 
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BASIC Operators 




Symbol 


Sample Statement 


Explanation 


Prefix Operators 




( ) 


1(3 X= 4*(5 + X) 


Expressions within parenthesis ( ) 
are always evaluated first. 


+ 


2p X= 1+4*5 


Optional; +1 times following expression. 




3p ALPHA = 
-(BETA +2) 


Negation of following expression. 


NOT 


40 IF A NOT B THEN 

m 


Logical Negation of following expression; 
if expression is true (non-zero), 1 
if expression is false (zero). 


Arithmetic Operators 




+ 


6() Y = X+3 


3 

Exponentiate as in X . NOTE: f is 
shifted letter N. 


* 


7j0 LET D0TS=A*B*N2 


Multiplication. NOTE: Implied multi- 
plication such as (2 + 3) (4) is not 
allowed thus N2 in example is a variable 
not N * 2. 


/ 


8jO PRINT GAMMA/S 


Divide 


MOD 


9jO X = 12 MOD 7 
IPM = X M0D(Y+2) 


Modulo: Remainder after division of 
first expression by second expression. 


+ 


lip P = L + G 


Add 




120 XY4 = H-D 


Substract 




130 HEIGHT=15 

140 LET SIZE=7*5 

150 A(8) = 2 

155 ALPHAS = "PLEASE" 


Assignment operator; assigns a value to 
a variable. LET is optional 
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Relational and Logical Operators 




The numeric values used in logical 
"false" if zero. 


evaluation are "true" if non-zero, 


Symbol 


Sample Statement 


Explanation 


= 


16(7 IF D = E 
THEN 50((2( 


Expression "equals" expression. 


= 


179 IF A$(l,l) = 
"Y" THEN 5(2f(? 


String variable "equals?' string variable. 


# or < > 


18(? IF ALPHA #X*Y 
THEN 50)8 


Expression "does not equal" expression. 




m IF A$ # "NO" 
THEN 


String variable "does not equal" string 
variable. NOTE: If strings are not 
the same length, they are considered 
un-equal. < > not allowed with strings. 


> 


200 IF A>B 
THEN GO TO 5a 


Expression "is greater than" expression. 


< 


21(/ IF A+l<B-5 
THEN 100 


Expression "is less than" expression. 


>= 


220 IF A>=B 
THEN 100 


Expression "is greater than or equal to" 
expression. 


<= 


230 IF A+l<=B-6 
THEN 200 


Expression "is less than or equal to" 
expression. 


AND 


240 IF A>B AND 
C<D THEN 200 


Expression 1 "and" expression 2 must 
both be "true" for statements to be true. 


OR 


250 IF ALPHA OR 
BETA+1 THEN 200 


If either expression 1 or expression 2 
is "true", statement is "true". 
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BASIC FUNCTIONS 






Functions return a numeric result. They may be used as expressions or as part 
of expressions. PRINT is used for examples only, other statements may 
be used. Expressions fol lowina function name must be enclosed between two 
parenthesis signs. 
FUNCTION NAME 


ABS (expr) 


3013 PRINT ABS{X) 


Gives absolute value of the expression expr. 


ASC (str$) 


310' PRINT ASCC'BACK") Gives decimal ASCII value of designated 
320 PRINT ASC{B$) string variable str^ . If more than one 
330 PRINT ASC(B${4.4)) character is in designated string or 
335 PRINT ASC(B$(Y)) sub-string, it gives decimal ASCII 

value of first character. 


LEN (str$) 


340 PRINT LEN(B$) 


Gives current length of designated 
string variable str$;i.e., number of 
characters. 


PDL (expr) 


350 PRINT PDL(X) 


Gives number between and 255 corres- 
ponding to paddle position on game paddle 
numbpv- designated by expression aarpi^ and must 
be legal paddle (0,1, 2, or 3) or else 255 is 
returned. 


PEEK (expr) 


360 PRINT PEEK(X) 


Gives the decimal value of number stored 
of decimal memory location specified by 
expression expr. For MEMORY locations 
above 32676, use negative number; i.e., 
HEX location FFF0 is -16 


RND (expr) 


370 PRINT RND(X) 


Gives random number between Qf and 
(expression expr -l) if expression expr 
is positive; if minus, it gives random 
number between and (expression expr +l). 


ZZm{exprl, 
expr 2) 


380 PRINT SCRN (XI, Yl) Gives color (number between and 15) of 

screen at horizontal location designated 
by expression ea^rl and vertical 
location designated by expression expr2 
Range of expression exprl is to 39. Range 
of expression expr2 is to 39 if in standard 
mixed colorgraphics display mode as set by 
GR command or p to 47 if in all color mode 
set by POKE -163j04 ,J0: POKE - 16392, CT. 




39J0 PRINT SGN{X) 


Gives sign (not sine) of expression expr 

i.e., -1 if expression expr is negative, zero if 

zero and +1 if expr is positive. 
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BASIC STATEMENTS 




Each BASIC statement must have a line number between p and 32767. Variable 
names must start with an alpha character and may be any number of alpha- 
numeric characters up to Variable names may not contain buried any 
of the following words: AND, AT, MOD, OR, STEP, or THEN. Variable names may 
not begin with the letters END, LET, or REM. String variables names must end 
with a $ (dollar sign). Multiple statements may appear under the same line number 
if separated by a : (colon) as long as the total number of characters in the line 
(including spaces) is less than approximately 150 characters 
Most statements may also be used as commands. BASIC statements are executed 
by RUN or GOTO commands. 


NAME 




CALL expr i0 CALL-936 


Causes execution of a machine level 
language subroutine at decimal memory 
location specified by expression expr 
Locations above 32767 are specified using 
negative numbers; i.e., location in 
example 10 is hexidecimal number $FC53 


COLOR=ea:^r' 30 C0L0R=12 


In standard resolution color (GR) 
graphics mode, this command sets screen 
TV color to value in expression expr 
in the range Cf to 15 as described in 
Table A. Actually express i on ea:pr may be 
in the range dS to 255 without error message 
since it is implemented as if it were 
expression eapr MOD 16. 


DIM varl (exprl) 50 DIM A(20),B(10) 
strp lexpriij o|0 l}in 0^(0113) 
mr2 (exprS) 70 DIM C (Z) 
nieqal: 

80 DIM A(30) 
Leqal : 

85 DIM C(1000) 


The DIM statement causes APPLE II to 

1 caci V c iiiciiiu 1 y lui Liic 3 pcu 1 1 1 cu vai iquics. 

For number arrays APPLE reserves 
approximately 2 times expr bytes of memory 
limited by available memory. For string 
arrays -str$-(expr) inust be in the range of 
1 to 255. Last defined variable may be 
redimensioned at any time; thus, example 
in line is illegal but 85 is allowed. 


OS? veer Leqal: 

90 DSP AX: DSP L 
nieqal: 
100 DSP AX,B 
102 DSP AB$ 

104 DSP A(5) 
Legal: 

105 A=A(5): DSP A 


Sets debug mode that DSP variable var each 
time it changes and the line number where the 
change occured. 
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NAME 


CVAMDI C 

tAMMrLt 


fcouiM r 1 lull 


END 


110 END 


Stops program execution. Sends carriage 
return and "> " BASIC prompt) to screen. 


FOR var=- 

exp^l TOexprS 
SjEPexpvS 


110 FOR L=0 to 39 
120 FOR X=Y1 TO Y3 
130 FOR 1=39 TO 1 
150 GOSUB 100 *J2 


Begins FOR... NEXT loop, initializes 
variable to value of expression earpr 2 
then increments it by amount in expression 
ea;p2' 3 eacn Lime tne corrcb|Juiiu my iidai 
Statement is encountered, until value of 
expression eaY>r2is reached. If STEP exprJ 
is omitted, a STEP of +1 is assumed. Negative 
numbers are allowed. 


GOSUB expi* 


140 GOSUB 500 


Causes branch to BASIC subroutine starting 
at legal line number specified by expression 
ercpr Subroutines may be nested up to 
16 levels. 


GOTO expr 


160 GOTO 200 

170 GOTO ALPHA+100 


Causes immediate jump to legal line 
number specified by expression earpr. 


GR 


180 GR 

190 GR: POKE -16302,0 


Sets mixed standard resolution color 
graphics mode. Initializes COLOR = 
(Black) for top 40x40 of screen and sets 
<;rronina window to lines 21 through 24 
by 40 characters for four lines of text 
at bottom of screen. Example 190 sets 
all color mode (40x48 field) with no text 
at bottom of screen. 


HLIN exprl^ 
expv2klexpv3 


200 HLIN 0,39 AT 20 
210 HLIN Z,Z+6 AT I 


In standard resolution color graphics mode, 
this command draws a horizontal line of a 
predefined color (set by COLOR=) starting 
at horizontal position defined by expression 
eispvl and ending at position expr'2 at 
wo^firAi nfjci'Unn Hpfinpd bv exDression 
expvZ .exprl andexprB must be in the range 
of to 39 and exprl < = expr2 > exprZ 
be in the range of to 39 (or to 47 if not 
in mixed mode). 


Note: 


HLIN 0, 19 AT IS a horizontal line at the top of the screen 
extending from left corner to center of screen and HLIN 20,39 AT 
39 is a horizontal line at the bottom of the screen extending from 
center to right corner. 




24 


"DTCA2DOC-469-024.PICT" 290 KB 2001-06-26 dpi: 600h x 600v pix: 2893h x 3871 v 


^ Source: David T Craig 


1 Page 0028 Of 0156 ^ 



Apple 2 Computer Information • Document 469 • Apple 2 Reference Manual (Jan. 1978) 



lf_ expression 220 IF A>B THEN 
THEN statement PRINT A 

230 IF X=0 THEN C=l 
240 IF A#10 THEN 

GOSUB 200 
250 IF A$(l,l)# "Y" 
THEN 100 

Illegal : 

260 IF L> 5 THEN 50: 
ELSE 60 

Legal : 

270 IF L> 5 THEN 50 
GO TO 60 



INPUT varl, 
var2j str$ 



IN# expr 



280 INPUT X,Y,Z(3) 
290 INPUT "AMT", 
DLLR 

300 INPUT "Y or N?", A$ 



310 IN# 6 
320 IN# Y+2 
330 IN# 



If expression is true (non-zero) then 

execute statement; if false do not 

execute statement. If statement 

is an expression, then a GOTO expr 

type of statement is assumed to be implied. 

The "ELSE" in example 260 is illegal but 

may be implemented as shown in example 270. 



Enters data into memory from I/O 
device. If number input is expected, 
APPLE wil output "?"; if string input is 
expected no "?" will be outputed. Multiple 
numeric inputs to same statement may be 
separated by a comma or a carriage return. 
String inputs must be separated by a 
carriage return only. One pair of " " may 
be used immediately after INPUT to output 
prompting text enclosed within the quotation 
marks to the screen. 

Transfers source of data for subsequent 
INPUT statements to peripheral I/O slot 
(1-7) as specified as by expression eocpr. 
Slot is not addressable from BASIC. 
IN#0 (Example 330) is used to return data 
source from peripherial I/O to keyboard 
connector. 



LET 



340 LET X=5 



LIST numl, 350 IF X >6 THEN 



num2 



LIST 50 



NEXT varl, 360 NEXT I 
var2 370 NEXT J,K 



Assignment operator. "LET" is optional 

Causes program from line number ni^i 
through 1 ine number nM7??2 to be displayed 
on screen. 

Increments corresponding "FOR" variable 
and loops back to statement following 
"FOR" until variable exceeds limit. 



NO DSP var 380 NO DSP I 
NO TRACE 390 NO TRACE 



Turns-off DSP debug mode for variable 
Turns-off TRACE debug mode 
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PLOT ^ exprl^ ex-pv2 



400 PLOT 15, 25 
400 PLT XV, YV 



POKE exiprli expv2 



420 POKE 20, 40 
430 POKE 7*256. 
XM0D255 



POP 



PRINT varl^ vcop^ 8tr$ 



440 POP 



450 PRINT LI 

460 PRINT LI. X2 

470 PRINT "AMT="-.DX 

480 PRINT A$;B$; 

490 PRINT 

492 PRINT "HELLO" 

494 PRINT 2+3 



In standard resolution color 
graphics, this command plots a small 
square of a predefined color (set 
by COL0R=) at horizontal location 
specified by expression exprl in 
range to 39 and vertical location 
specified by expression easprS in range 
to 39 (or to 47 if in all graphics 
mode) NOTE: PLOT is upper left 
and PLOT 39, 39 (or PLOT 39, 47) is 
lower right corner. 

Stores decimal number defined by 
expression expr2 in range of 
255 at decimal memory location 
specified by expression exprl 
Locations above 32767 are specified 
by negative numbers. 

"POPS" nested GOSUB return stack 
address by one. 

Outputs data specified by variable 
var or string variable str^* starting 
at current cursor location. If there 
is not trailing "," or "i" (Ex 450) 
a carriage return will be generated. 

Commas (Ex. 460) outputs data in 5 
left justified columns. Semi -col on 
(Ex. 470) inhibits print of any spaces 
Text imbedded in " " will be printed, 
and may appear multiple times. 



PR# expr 



REM 



RETURN 



500 PR# 7 



510 REM REMARK 



520 RETURN 
530 IFX= 5 THEN 
RETURN 



Like IN#, transfers output to I/O 
slot defined by expression expr PR# 
is video output not I/O slot 0. 

No action. All characters after REM 
are treated as a remark until terminated 
by a carriage return. 

Causes branch to statement following 
last GOSUB; i.e., RETURN ends a 
subroutine. Do not confuse "RETURN" 
statement with Return ke^ on keyboard. 
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TAB expr 



TEXT 



TRACE 



AT exprS 



VTAB expr 



530 TAB 24 
540 TAB 1+24 
550 IF A#B THEN 
TAB 20 



550 TEXT 
56t TEXT; 



CALL-936 



570 TRACE 
580 IFN> 32000 
THEN TRACE 

590 VLIN 0, 39AT15 
600 VLIN Z,Z+6ATY 



610 VTAB 18 
620 VTAB Z+2 



Moves cursor to absolute horizontal 
position specified by expression 
expr in the range of 1 to 40. Position 
is left to right 

Sets all text mode. Resets 
scrolling window to 24 lines by 40 
characters. Example 560 also clears 
screen and homes cursor to upper left 
corner 

Sets debug mode that displays each 
line number as it is executed. 



Similar to HLIN except draws vertical 
line starting at exprl and ending at 
expr2 at horizontal position expr 3. 

Similar to TAB. Moves cursor to 
absolute vertical position specified 
by expression eaY)r in the range 1 to 
24. VTAB 1 is top line on screen; 
VTAB24 is bottom. 
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SPECIAL CONTROL AND EDITING CHARACTERS 


"Control" characters are indicated by a super-scripted "C" such as G^. They 
are obtained by holding down the CTRL key while typing the specified letter. 
Control characters are NOT displaved on the TV screen. B and C must be 
followed by a carriage return. Screen editing characters are indicated by a 
•suh-scripted "F" such as Dr. Thev are obtained bv pressing and releasing the 
ESC key then typing specified letter. Edit characters send information only 
to display screen and does not send data to memory. For example, U*^ moves to 
cursor to right and copies text while A^ moves cursor to right but does not 
copy text. 


CHARACTER 


DESCRIPTION OF ACTION 




Immediate! V interrupts any oroaram execution and resets 
computer. Also sets all text mode with scrolling window 
at maximum. Control is transfered to System Monitor and 
Apple prompts with a "*" (asterisk) and a bell. Hitting 
RESET key does NOT destroy existing BASIC or machine 
language program. 


Contro 1 D 


If in Svstem Monitor (as indicated by a "*"), a control 
B and a carriage return will transfer control to BASIC, 
scratching (killing) any existing BASIC program and set 
HIMEM: to maximum installed user memory and LOMEM: 
to 2048. 


Lontroi L 


If in BASIC, halts oroaram and displays line number 
where stop occurred*. Program may be continued with a 
CON command. If in System Monitor, (as indicated by "*"), 
rnntrnl C. and a carraige return will enter BASIC without 
killing current program. 


Control G 


Sounds bell (beeps speaker) 


Control H 


Backspaces cursor and deletes any overwritten characters 
from computer but not from screen. Apply supplied 
keyboards have special key on right side of keyboard 
that provides this functions without using control button. 


Control J 


Issues line feed only 


Control V 


Compliment to H^. Forward spaces cursor and copies over 
written characters. Apple keyboards have "->^" key on 
right side which also performs this function. 


Control X 


Immediately deletes current line. 

* If BASIC program is expecting keyboard input, you will have 
to hit carriage return key after typing control C. 
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CHARACTER DESCRIPTION OF ACTION 

A|^ Move cursor to right 

Move cursor to left 
C^ Move cursor down 

Move cursor up 

E^ Clear text from cursor to end of line 

Clear text from cursor to end of page 

(?r Home cursor to top of page, clear text to end 

of page. 



Table A: APPLE II COLORS AS SET BY COLOR = 



Note: 



Colors may vary depending on TV tint (hue) setting and may also 

be changed by adjusting trimmer capacitor C3 on APPLE II P.C. Board, 



(? = Black 

1 - Magenta 

2 = Dark Blue 

3 = Light Purple 

4 = Dark Green 

5 = Grey 

6 = Medium Blue 

7 = Light Blue 



8 
9 

10 
11 
12 
13 
14 
15 



Brown 

Orange 

Grey 

Pink 

Green 

Yellow 

Blue/Green 

White 
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Special Controls and Features 




Hex 


BASIC Example 


Description 


Display Mode Controls 




C05O 


10 POKE -16304,0 


Set color graphics mode 


CI351 


20 POKE -16303,0 


Set text mode 


C|2)52 


30 POKE -16302,0 


Clear mixed graphics 


C053 


40 POKE -16301,0 


Set mixed graphics (4 lines text) 


C054 


50 POKE -16300,0 


Clear display Page 2 (BASIC commands 


use Page 1 only) 


C055 


60 POKE -16299,0 


Set display to Page 2 (alternate) 


C056 


70 POKE -16298,0 


Clear HIRES araohics mode 


C057 


80 POKE -16297,0 


Set HIRES graphics mode 


TEXT Mode Controls 




0020 


90 POKE 32, LI 


Set left side of scrolling window 


to location specified by LI in 






range of to 39. 


0021 


100 POKE 33, Wl 


Set window width to amount soecified 






by I'll. L1+W1<40. W1>0 


0022 


110 POKE 34, Tl 


Spt wi ndow tnn to T i np ^npr i f i pd 






by Tl in range of to 23 


A/HO O 

0023 


120 POKE 35, Bl 


Set window bottom to line specified 






by Bl in the range of to 23. B1>T1 


0024 


130 CH=PEEK(36) 






140 POKE 36, CH 


in the range of to 39. If using 




150 TAB(CH+1) 


TAB, you must add "1" to cusor position 






read value; Ex. 140 and 150 perform 






identical function. 

I Vrf 1 1 w 1 w U 1 • U 1 1 Km w 1 \J II* 


0025 


160 CV=PEEK(37) 


Similar to above. Read/set cusor 




170 POKE 37, CV 


vertical oosition in the ranae to 




180 VTAB(CV+1) 


23. 


0032 


190 POKE 50,127 


Set inverse flag if 127 (Ex. 190) 




200 POKE 50,255 


Set normal flag if 255(Ex. 200) 


FC58 


210 CALL -936 


{&£) Home cusor, clear screen 


FC42 


220 CALL -958 


(Fg) Clear from cusor to end of page 
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Hex 


BASIC Example 




FC9C 


230 CALL -868 


(Eg) Clear from cusor to end of line 


FC66 


240 CALL -922 


(J^) Line feed 


FC70 


250 CALL -912 


Scroll up text one line 


Miscellaneous 




cm 


360 X=PEEK(-16336) 
365 POKE -16336 


Toanle soeaker 


C000 


370 X=PEEKf-16384^ 


Read kevboard: if X>127 then kev was 
pressed. 


C010 


380 POKE -16368,0 


reading keyboard. 


C061 


390 X=PEEKfl6287l 


Read PDL(0) push button switch. If 
X>127 then switch is "on". 

/\'^ii«f wllWII •JvVIWwII liJ Wll « 


C062 


400 X=PEEK(-16286) 


Read PDLfl) Dush button switch 


C063 


410 X=PEEK(-16285) 


Read PDLf2) DUsh button switch 


C058 


420 POKE -16296,0 


Clear Game I/O AM0 outout 


C059 


430 POKE -16295,0 


Set Game I/O AN0 outout 


C05A 


440 POKE -16294,0 


Clear Game I/O ANl outout 


C05B 


450 POKE -16293,0 


Set Game I/O ANl outout 


C05C 


460 POKE -16292,0 


CI par Gamp T/O AN? outnut 


C05D 


470 POKE -16291,0 


Set Game I/O AN2 output 


C05E 


480 POKE -16290,0 


Clear Game I/O AN3 output 


C05F 


490 POKE -16289.0 


Set Game I/O AN3 output 
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APPLE 


II BASIC ERROR MESSAGES 


*** SYNTAX ERR 


Results from a syntactic or typing error. 


*** > 32767 ERR 


A value entered or calculated was less than 
-32767 or greater than 32767. 


*** > 255 ERR 


A value restricted to the range Q to 255 was 
outside that range. 


*** BAD BRANCH ERR 


Results from an attempt to branch to a non- 
existant line number. 


*** BAD RETURN ERR 


Results from an attempt to execute more RETURNS 
than previously executed GOSUBs. 


dru next err 


Results from an attempt to execute a NEXT state- 
ment for which there was not a corresponding 
FOR statement. 


10 (aObUDb ERR 


Results from more than 16 nested GOSUBs. 


ID FURS ERR 


Results from more than 16 nested FOR loops. 


*** NO END ERR 


The last statement executed was not an END. 


*** MEM FULL ERR 


The memory needed for the program has exceeded 
the memory size allotted. 


■*** TOO LONG ERR 


Results from more than 12 nested parentheses or 
more than 128 characters in input line. 


*** DIM ERR 


Results from an attempt to DIMension a string 
array which has been previously dimensioned. 


*** RANGE ERR 


An array was larger than the DIMensioned 
value or smaller than 1 or HLIN,VLIN, 
PLOT, TAB, or VTAB arguments are out of 
range. 


*** STR OVFL ERR 


The number of characters assigned to a string 
exceeded the DIMensioned value for that string. 


*** STRING ERR 


Results from an attempt to execute an illegal 
string operation. 


RETYPE LINE 


Results from illegal data being typed in response 
to an INPUT statement. This message also requests 
that the illegal item be retyped. 
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Simplified Memory Map 



FFFF 



0000 



XX 



7FF 




64K 



56K 



52K 
48K 





Monitor and BASIC Routines in ROM 



Future enhancement or user supplied 
PROMS 



Peripheral I/O 



XX 

(HIMEM:) 



• User specified RAM memory size 



User Workspace 




(LOMEM:) 

2K _5» Screen Memory 



IK 



Internal Workspace 
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READ/SAVE DATA SUBROUTINE 


INTRODUCTION 




Valuable data 


can be generated on the Apple II computer and sometimes 


it is useful to have 


a software routine that will allow making a permanent 


record of this information. This paper discusses a simple subroutine that 


serves this purpose. 




Before discussing the Read/Save routines a rudimentary knowledge of 


how variables are mapped into memory is needed. 


Numeric variables are mapped into memory with four attributes. Appearing 


in order sequentually are the Variable Name, the Display Byte, the Next Variable 


Address, and the Data of the Variable. Diagramatically this is represented as: 


VN DSP 


NVA DATA((;) DATA(l) .... DATA(N) 


1 


hi ho hn+1 




VARIABLE NAME - up to 100 characters 




represented in memory as ASCII equi- 




valents with the high order bit set. 




DSP (DISPLAY) BYTE - set to 01 when 




DSP set in BASIC initiates a process 




that displays this variable with the 




line number every time it is changed 




within a program. 




NVA (NEXT VARIABLE ADDRESS) - two 




bytes (first low order, the second 




high order) indicating the memory 




location of the next variable. 




DATA - hexadecimal equivalent of 




numeric information, represented 




in pairs of bytes, low order byte 




first. 
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String variables are formatted a bit differently than numeric ones. 
These variables have one extra attribute - a string terminator which desig- 
nates the end of a string. A string variable is formatted as follows: 

VN DSP NVA DATA((7) DATA(l),,.. DATA(n) ST 



1 hi h2 hn+i 



VARIABLE NAME - up to W characters 
represented in memory as ASCII equi- 
valents with the high order bit set. 

DSP (DISPLAY) BYTE - set to 01 when 
DSP set in BASIC, initiates a process 
that displays this variable with the 
line number every time it is changed 
within a program. 

NVA (NEXT VARIABLE ADDRESS) - two 
bytes (first low order, the second 
high order) indicating the memory 
location of the next variable. 

DATA - ASCII equivalents with high 
order bit set. 

STRING TERMINATOR (ST) - none high 
order bit set character indicating 
END of string. 

There are two parts of any BASIC program represented in memory. One is 
the location of the variables used for the program, and the other is the actual 
BASIC program statements. As it turns out, the mapping of these within memory 
is a straightforward process. Program statements are placed into memory starting 
at the top of RAM memory* unless manually shifted by the "HIMEM:." command, and 
are pushed down as each new (numerically larger) line numbered statement is 
entered into the system. Figure la illustrates this process diagramatically. 
Variables on the other hand are mapped into memory starting at the lowest position 
of RAM memory - hex $800 (2048) unless manually shifted by thC'LOMEM:" command. 
They are laid down from there (see Figure lb) and continue until all the variables 
have been mapped into memory or until they collide with the program statements. 
In the event of the latter case a memory full error will be generated 



*Top of RAM memory is a function of the amount of memory. 
16384 will be the value of "HIMEM:" for a 16K system. 
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The computer keeps track of the amount of memory used for the variable 
table and program statements. By placing the end memory location of each into 
$CC-CD(204-205) and $CA-CB(203-204) , respectively. These are the BASIC 
memory program pointers and their values can be found by using the statements 
in Figure 2. CM defined in Figure 1 as the location of the end of the variable 
tape is equal to the number resulting from statement a of Figure 2. PP, the 
program pointer, is equal to the value resulting from statement 2b. These 
statements (Figure 2) can then be used on any Apple II computer to find the 
limits of the program and variable table. 

FINDING THE VARIABLE TABLE FROM BASIC 

First, power up the Apple II, reset it, and use the CTRL B (control B) 
command to place the system into BASIC initializing the memory pointers. Using 
the statements from Figure 2 it is found that for a 16K Apple II CM is equal to 
2048 and PP is equal to 16384. These also happen to be the values of LOMEN and 
HIMEN: But this is expected because upon using the B^ command both memory 
pointers are initialized indicating no program statements and no variables. 

To illustrate what a variable table looks like in Apple II memory suppose 
we want to assign the numeric variable A ($C1 is the ASCII equivalent of a with 
the high order bit set) the value of -1 (FF FF in hex) and then examine the 
memory contents. The steps in this process are outlined in example I. Variable A 
is defined as equal to -1 (step 1). Then for convenience another variable - B - 
is defined as equal to (step 2). Now that the variable table has been defined 
use of statement 2a indicates that CM is equal to 2060 (step 3). LOMEN has not 
been readjusted so it is equal to 2048. Therefore the variable table resides in 
memory from 2048 ($800 hex) to 2060 ($8J?)C). Depressing the "RESET" key places 
the Apple II into the monitor mode (step 4). 

We are now ready to examine the memory contents of the variable table. 
Since the variable table resides from $800 hex to $80C hex typing in "800.80C" 
and then depressing the "RETURN" key (step 5) will list the memory contents of 
this range. Figure 3 lists the contents with each memory location labelled. 
Examining these contents we see that CI is equal to the variable name and is the 
memory equivalent of "A" and that FF FF is the equivalent of -1. From this, since 
the variable name is at the beginning of the table and the data is at the end, the 
variable table representation of A extends from $800 to $805. We have then found 
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the memory range of where the variable A is mapped into memory. The reason for 
this will become clear in the next section. 

READ/SAVE ROUTINE 

The READ/SAVE subroutine has three parts. The first section (lines 0-10) 
defines variable A and transfers control to the main program. Lines 20 through 
26 represents the Write data to tape routine and lines 30-38 represent the Read 
data from tape subroutine. Both READ and SAVE routines are executable by the 
BASIC "GOSUB X" (where X is 20 for write and 30 is for read) command. And as 
listed these routines can be directly incorporated into almost any BASIC program 
for read and saving a variable table. The limitation of these routines is that 
the whole part of a variable table is processed so it is necessary to maintain 
exactly the dimension statements for the variables used. 

y The variables used in this subroutine are defined as follows: 

A = record length, must be the first variable defined 

CM= the value obtained from statement a of figure 2 

LM= is equal to the value of "LOMEM:" 
Nominally 2^48 

SAVING A DATA TABLE 

The first step in a hard copy routine is to place the desired data onto 
tape. This is accomplished by determining the length of the variable table and 
setting A equal to it. Next within the main program when it is time to write the 
data a GOSUB20 statement will execute the write to tape process. Record length, 
variable A, is written to tape first (line 22) followed by the desired data 
(line 24). When this process is completed control is returned to the main program. 

READING A DATA TABLE 

The second step is to read the data from tape. When it is time a GOSUB30 
statement will initiate the read process. First, the record length is read in 
and checked to see if enough memory is available (line 32-34). If exactly the 
same dimension statements are used it is almost guaranteed that there will be 
enough memory available. After this the variable table is read in (line 34) and 
control is then returned to the main program (line 36). If not enough memory 
is available then an error is generated and control is returned to the main pro- 
gram (line 38) 
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EXAMPLE OF READ/SAVE USAGE 

The Read/Save routines may be incorporated directly into a main program. 
To illustrate this a test program is listed in example 2. This program dimensions 
a variable array of twenty by one, fills the array with numbers, writes the data 
table to tape, and then reads the data from tape listing the data on the video 
display. To get a feeling for how to use these routines enter this program and 
explore how the Read/Save routines work. 

CONCLUSION 

Reading and Saving data in the format of a variable table is a relatively 
straight forward process with the Read/Save subroutine listed in figure 4. This 
routine will increase the flexibility of the Apple II by providing a permanent 
record of the data generated within a program. This program can be reprocessed. 
The Read/Save routines are a valuable addition to any data processing program. 
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Unused 
Memory 












~ 


Var^ 


Var2 .... 


... Varn 


Pi 


P2 


P3 • 


■• Pn-2 


Pn-1 


Pn 



t 



LOMEN 



$800 \. 



CM End of 

Variable 

Table 



FP^eginning 
of 

Program 



HI MEM 
Max System 
Size 



Variable Data 



BASIC Program 



Figure 1 



a) PRINT PEEK(204) + PEEK(205)*256 PP '% 

b) PRINT PEEK(202) + PEEK(203)*256 CM *' 



Figure 2 



800 801 802 803 804 805 806 807 808 809 80A 80B 80C 

CI 00 06 08 FF FF C2 00 0C 08 00 00 00 
L H L H L H 

VAR DSP NVA DATA VAR DSP NVA DATA 
NAM Y NAM Y 

I , 1 I > 1 



Figure 3 

$800. 80C rewritten with labelling 
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FIGURE 4b 



READ/SAVE PROGRAM 



COMMENTS 



^ A=0 



10 GOTO 100 



20 PRINT "REWIND TAPE THEN 
START TAPE RECORDER": 
INPUT "THEN HIT RETURN", 
B$ 

22 A=CM-LM; POKE 60.4: 
POKE 61,8: POKE 62,5: 
POKE 63,8: CALL -307 

24 POKE 60, LM MOD 256: 
POKE 61, LM/256: 
POKE 62, CM MOD 256: 
POKE 63, CM/256: 
CALL -307 

26 PRINT "DATA TABLE SAVED": 
RETURN 

30 PRINT "REWIND THE TAPE 
THEN START TAPE RECORDER" : 
INPUT "AND HIT RETURN", 
8$ 

32 POKE 6p,4: POKE 61 ,8: 
POKE 62,5: POKE 63,8: 
CALL -259 

34 IF A<0 THEN 38: P=LM+A: 
IF P>HM THEN 38: CM=P: 
POKE 60, LM MOD 256: 
POKE 61, LM/256: POKE 62, 
CM MOD 256: POKE 63, CM/256; 
CALL -259 

36 PRINT "DATA READ IN": 
RETURN 

38 PRINT "***T00 MUCH DATA 
BASE***": RETURN 



This must be the first statement in the 
program. It is initially 0, but if data 
is to be saved, it will equal the length 
of the data base. 

This statement moves command to the main 
program. 

Lines 20-26 are the write data to tape 
subroutine. 



Writing data table to tape 



Returning control to main program. 



Lines 30-38 are the READ data from tape 
subroutine. 



Checking the record length (A) for memory 
requirements if everything is satisfactory 
the data is READ in. 



Returning control to main program. 



NOTE: CM, LM and A must be defined within the main program. 
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1 >A=1 
> 


Define variable A=-l . then hit RETURN 


2 >B=0 
> 


Define variable B=0, then hit RETURN 


3 >PRINT PEEK (204) + PEEK 


Use statement 2a to find the end of 


(205) * 256 


the VARIABLE TABLE 


computer responds with= 




2060 




4 > 


Hit the RESET key, Apple moves into 


* 


Monitor mode. 




Tvno in VARTARI F TARI F RANHF and HIT 
lype III VrtixinDLl. 1 nDLC rvniiuu aiiu nil 


the RETURN KEY. 


wOmpuLcr rcsponQb wiT>ri. 




0800- CI 00 86 08 FF FF C2 0( 


3 


0808 0C 08 00 00 00 






Example 1 
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Example 2 


>LIST 
8 fi=9 

18 GOTO 189 


118 PRIHT VB HUHBtRS GEHEkhTED 


128 PRIHT 'HOy yE fiRE GOING TO SAVE 


29 m mm mf\ to m routihe 


THE DflTfl': PRIHT 'yfiEH YOU ARE R 


22 fl=Cfl-LH: POKE 66,4: POKE 61 


EflDY SThRT THE RlCOkDER lii RECOR 


,8: POKE 6ii,5: POKE 63,8: CflLL 
-387 


D HODE : IHPOT 'HNl> HIT RETURN 


24 POKE b8.LHK0D 256: POKE 6! 


138 CflLL -936: PRINT "HOy yRITIHG Dfl 


,LM/256: POKE 62.CH fiOD 256 


Tfi TO TAPE": GOSUB 28 


: POKE 63,CH/2565 CfiLL -39? 


135 PRINT 'NOy THE DATA IS SAVED" 


db RETURN 


U8 PRINT 'NOy yE iiRE GOING TO ClEhR 


38 KEB REhD DflTfl SUBROUTINE 


Tifr **yA1\ ^AAI r ALIA Ar'A''i Tllf {"'A 

THE k(28) iflBLE AND REAi) THE I'A 


32 POKE 68,4: POKE 61,3: POKE 


TA FkoH ThFE 


62,5: POKE 63,8: CflLL -259 


KCfi f AA T 1 TA AA Ki' T "i A RATtIT 

158 FuR 1=1 TO c[8:wlJ=9: PRINT 


34 IF K\8 ifiEH 48:P=Lrltri: IF P/ 


X( ;I; )= NEf.T I 


HH THEN 38:ll1=P: POKE 68,LH HOD 


168 PRINT NOy START TAPE RECORDER 


256: POKE 61,Lfi/25b: POKE 62 


TtintlT HALiri TlirLl l!TT ArTIIAilfl 

: INPUT AHD then HIT RETURN 


AU yAft IIP/ AALT /A >AC 

,Cn HOD 256: POKE 6J,eR/25t' 


,A$ 


: CULL -259 


^ .T Tift r tiT HA i A 

Itj PRIHT fi ,A 


jb RETURH 


178 GOSUB 38 


38 PRIHT ♦** TOO KUCH DflTfl BASE ** 


1 AA nntllT BA' 1 TUT TATA APAri tt*fl 

138 PRINT HlL the DATH REhD IN 


*•: END 




188 DIH fl$(l),X(28) 


(Art fAA T i TA AA AATIIT B Lf ' T 

198 FuR 1=1 TO 28: PRINT Xrjij 


165 FOR 1=1 TO 26:X(I)=I: NEXT 
I 


")= ';X(I): NEXT I 
195 PRINT "THIS IS THE EHD" 


188 LH=2848:CH=2186:ft=58:Hfi=16383 


286 END 
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A SIMPLE TONE SUBROUTINE 



INTRODUCTION 

Computers can perform marvelous feats of mathematical computation 
at well beyond the speed capable of most human minds. They are fast, 
cold and accurate; man on the other hand is slower, has emotion, and makes 
errors. These differences create problems when the two interact with one 
another. So to reduce this problem humanizing of the computer is needed. 
Humanizing means incorporating within the computer procedures that aid in 
a program's usage. One such technique is the addition of a tone subroutine. 
This paper discusses the incorporation and usage of a tone subroutine within 
the Apple II computer. 

Tone Generation 

To generate tones in a computer three things are needed: a speaker, 
a circuit to drive the speaker, and a means of triggering the circuit. As it 
happens the Apple II computer was designed with a two-inch speaker and an 
efficient speaker driving circuit. Control of the speaker is accomplished 
through software. 

Toggling the speaker is a simple process, a mere PEEK - 16336 ($C03|3) 
in BASIC statement will perform this operation. This does not. however, 
produce tones, it only emits clicks. Generation of tones is the goal, so 
describing frequency and duration is needed. This is accomplished by toggling 
the speaker at regular intervals for a fixed period of time. Figure 1 lists 
a machine language routine that satisfies these requirements. 
Machine Language Program 

This machine language program resides in page of memory from $p2 (2) 
to $14 (2j3). $00 (00) is used to store the relative period (P) between 
toggling of the speaker and $01 (01) is used as the memory location for the 
value of relative duration (D). Both P and D can range in value from $00 (0) 
to $FF (255). After the values for frequency and duration are placed into 
memory a CALL2 statement from BASIC will activate this routine. The speaker 
is toggled with the machine language statement residing at $02 and then a 
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delay in time equal to the value in $00 occurs. This process is repeated until 
the tone has lasted a relative period of time equal to the duration (value in $01) 
and then this program is exited (statement $14). 

Basic Program 

The purpose of the machine language routine is to generate tones controllable 
from BASIC as the program dictates. Figure 2 lists the appropriate statement that 
will deposit the machine language routine into memory. They are in the form of 
a subroutine and can be activated by a GOSUB 32000 statement. It is only necessary 
to use this statement once at the beginning of a program. After that the machine 
language program will remain in memory unless a later part of the main program 
modifies the first 20 locations of page 0. 

After the GOSUB 32000 has placed the machine language program into memory 
it may be activated by the statement in Figure 3. This statement is also in the 
form of a GOSUB because it can be used repetitively in a program. Once the fre- 
quency and duration have been defined by setting P and D equal to a value between 
and 255 a GOSUB 25 statement is used to initiate the generation of a tone. The 
values of P and D are placed into $00 and $01 and the CALL2 command activates the 
machine language program that toggles the speaker. After the tone has ended 
control is returned to the main program. 

The statements in Figures 2 and 3 can be directly incorporated into BASIC 
programs to provide for the generation of tones. Once added to a program an 
infinite variety of tone combinations can be produced. For example, tones can 
be used to prompt, indicate an error in entering or answering questions, and 
supplement video displays on the Apple II computer system. 

Since the computer operates at a faster rate than man does, prompting can 
be used to indicate when the computer expects data to be entered. Tones can be 
generated at just about any time for any reason in a program. The programmer's 
imagination can guide the placement of these tones. 

CONCLUSION 

The incorporation of tones through the routines discussed in this paper 
will aid in the humanizing of software used in the Apple computer. These routines 
can also help in transforming a dull program into a lively one. They are relatively 
easy to use and are a valuable addition to any program. 
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FF 
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L. n 
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0005- 
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0006- 


D0 


04 
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0008- 


C6 


01 : 


iJ c •_■ 


* O 1; 


000R- 


F0 


ft 


D JT Ti 


* 00 1 4 


000C- 


Cfl 




DEX 




000D- 


D0 


F6 i.-. 


. BHE 


$0005 


900F- 


fl6 


00 


LD^=: 


$00 -f 


001 1- 


4C 


0S 00' 


JMP 


f080£ 


0014- 


60 


V f 


RTS 





FIGURE 1. Machine Language Program 
adapted from a program by P. Lutas. 



32888 POKE 2.!73; POKE 3,48: POKE 
4,192: POKE 5,136; POKE rS.283 
: POKE 7,4: POKE 8,198: POKE 
9,1: POKE 11,248 

32e85 POKE 11,8: PGKL 12,262: POKE 
13,288: POKE 14,246: POKE 15 
,166: POKE 16,6: POKE 17,?6 
: POKE 1S,2: POKE 15,8: POKE 
28,96: mm 



FIGURE 2. BASIC "POKES" 



25 POKE 8,P: POKE 1,0: CfiLL 2: 
RETURH 



FIGURE 3. GOSUB 
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High-Resolution Operating Subroutines 

These subroutines were created to make prograinning for 
High-Resolution Graphics easier, for both BASIC and machine 
language programs. These subroutines occupy 757 bytes of memory 
and are available on either cassette tape or Read-Only Memory 
(ROM). This note describes use and care of these subroutines. 

There are seven subroutines in this package. With these, 
a programmer can initialize High- Resoluti on mode, clear the screen, 
plot a point, draw a line, or draw and animate a predefined shape, 
on the screen. There are also some other general -purpose 
subroutines to shorten and simplify programming. 

BASIC programssoah access these subroutines by use of .the 
CALL statement, and can pass information by using the POKE state- 
ment. There are special entry points for most of the subroutine:, 
that will perform the same functions as the original subroutines 
without modifying any BASIC pointers or registers. For machine 
language programming, a JSR to the appropriate subroutine address 
will perform the same function as a BASIC CALL, 

In the following subroutine descriptions, all addresses 
given will be in decimal. The hexadecimal substitutes will 
be preceded by a dollar sign ($), All entry points given are 
for the cassette tape subroutines, which load into addresses 
CJI0 to FFF (hex). Equivalent addresses for the ROM subroutines 
will be in italic type faoe, 
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Hiyh-Resolution Operating Subroutines 

jjilj Initializes High-Resolution Graphics mode, 
FroiB BASIC: CALL 3072 (or CALL -12288) 
Fron. nachine language: JSR $C00 (or JSR $0^) 

This subroutine sets High-Resolution Graphics mode with a 
2SP X letf matrix of dots in the top portion of the screen and 
four lines of text in the bottom portion of the screen, INIT 
also clears the screen. 



CLEAR Clears the screen. 

From BASIC: CALL 3986 (or CALL -12274) 

From machine language: JSR $C0E (or JSR $Dm) 

This subroutine clears the High-Res61ution screen without 
resetting the High-Res61ution Graphics mode. 



PLOT Plots a point on the screen. 

From BASIC: CALL Z7B0 (or CALL -llSSer) 

From machine language: JSR $C7C (or JSR $D07C) 

This subroutine plots a single point on the screen. The 
X and Y coodinates of the point are passed in locations 80fir, 
B01. and 802 from BASIC, or in the A. X. and Y registers from 
machine language. The Y (vertical) coordinate can be fro- 
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High-Resloution Operating Subroutines 
PLOT (continued) 

(top of screen) to 159 (bottom of screen) and is passed in 
location 802 or the A-register; but the X (horizontal) coordinate 
can range from (left side of screen) to 279 (right side of screen) 
and must be split between locations 800 (X MOD 256) and 80X 
(X/2S6).orf from machine language, between registers X (X LO) 
and Y (X HI). The color of the point to be plotted must be set 
in location 812 ($32C). Four colors are possible: is BLACK, 
85 ($55) is GREEN, 170 ($AA) is VIOLET, and 255 ($FF) is WHITE. 



POSK Positions a point on the screen. 
From BASIC: CALL 3761 (or CALL '11S99I 
From machine language: JSR $C26 (or JSR $Dff26) 



This subroutine does all calculations for a PLOT, but does 
not plot a point .(it leaves the screen unchanged). This is useful 
when used in conjumction with LINE or SHAPE (described later). 
To use this subroutine, set up the X and Y coordinates just the .-. 
same as for PLOT. The color in location 812 ($326) is ignored. 



LINE Draw a line on the screen. 
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High-Resolution Operating Routines 

LINE Draws a line on the screen. 

From BASIC: CALL 3786 (or CALL ^11574) 

From machine language: JSR $C95 (or JSR $bff9S) 

This subroutine draws a line from the last point PLOTted 
or POSN'ed to the point specified. One endpolnt Is the last point 
PLOTted or POSN'ed; the other endpolnt Is passed In the same manner 
as for a PLOT or POSN. The color of the line is set In location 
812 ($32C). After the line Is drawn, the new endpolnt becomes the 
base endpolnt for the next line drawn. 

SHAPE Draws a predefined shape on the screen. 
From BASIC: CALL 3805 (or CALL -IJSSS) 
From machine language: JSR $DBC (or JSB $D1BC) 

This subroutine draws a predefined shape on the screen at 
the point previously PLOTted or POSN'ed. The shape Is defined 
by a tabte..of veoiiora in memory. (How to create a vector table 
will be described la:ter). The starting address of this table 
should be passed In locations 804 and 805 from BASIC .or In'ithe 
Y and X registers from machine language. The color of the shape 
should be passed In location 28 ($1C). 

There are two special variables that are used only with shapes: 
the scaling factor and the rotation factor . The scaling factor 
determines the relative size of * the shape. A scaling factor of 
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High-Resolution Operating Subroutines 
SHAPE (continued) 

1 will cause the shape to be drawn true sire, while a scaling 
factor of 2 will draw the shape double size, etc. The scaling 
factor is passed in location 806 from BASIC or $32F from machine 
language. The rotation factor specifies one of 64 possible angles 
of rotation for the shape. A rotation factor of will cause the 
shape to be drawn right-side up, where a rotation factor if 16 
will draw the shape rotated 90** clockwise, etc. The rotation 
factor is passed in location 807 foom BASIC of in the A-rcgister 
from machine language. 

The table of vectors which defines the shape to be drawn is 
a series of bytes stored in memory. Each byte is divided into 
three sections, and each section specifies whether or not to plot 
a point and also a direction to move (up, down, left, or right). 
The SHAPE subroutine steps through the vector table byte by byte, 
and then through each byte section by section. When it reaches 
a 00 byte, it is finished. 

The three sections are arranged in a byte like this: 

I 




•« 



I \ 



Each bit pair DD specifics a direction to move, and the two Dlts 
P specify whether or not to plot a point before moving. Notice 
that the last section (most significant bits) does not have a P 
field, so it can only be a move without plotting. The SHAPE 
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High-Resolution Operating Subroutines 

SHAPE (continued) 

subroutine processes the sections from right to left (least 
Significant bit to .ost significant bit). IF THE REMAINING SECTIONS 
OF THE BYTE ARE ZERO, THEN THEY ARE IGNORED. Thus, the byte 
cannot end with sections of 00 (move up without plotting). 

Here is an example of how to create a vector table: 



Suppose we want to draw a shape like this: 







First, draw it on graph paper, one dot per square. Then decide 

where to start drawing the shape. Lefs start this one in the center. 

Next, we must draw a path through each point in the shape, using 

o , 
only 90 angles on the turns-i 




plot a point before moving: 
Now "unwrap" those vectors and write ^t^i^iTin a 'Straight line. 



Now draw a table like the one in Figure 1. For each vector in the 
line, figure the bit code and place it in the next available section 
in the table. If it will not fit or is a 00 at. the end of a byte, 
then skip that section and go on to the next. When you have finished 
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Hiph-Resolution Operating Subroutines 
SHAPE (continued) 

coding all vectors, check your work to make sure it is accurate. 
Then make another table (as in figure 2) and re-copy the coded 
vectors from the first table. Then decode the vector information 
into a series of hexadecimal bytes, using the hexidecimal code 
table in figure 3. This series of hexidecimal bytes is your shape 
definition table, which you can now put into the Apple II«s memory 
and use to draw that shape on the screea. 
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>kLn Hlkti ytnu-Dniit Lijtinu 


539 IF RHD (SeeXC THEH POKE 23 


218.5{(I)=(K(I)-X)*9/18+K:Y(D=( 




, RKD (4)*35s¥=Y+V0iS*B5 IF 


YCI)-Y)*?/18+Y: NEXT I, J: GOSUB 


;LbI 


Y>=8 fiNO V<166 THEN mmir 


3888: GOTO 286 


i ill i 1 -MC ULHK- Joob ; rUMi-d f bl 


-YDIRsY=-Y: IF Y<8 IHEH Y=Yt 


388 CALL IHIT:X= RHD (24)*18+28 


• Di fiT-070Q.i 1 ur-07'"'£ « cuoor- 
; rLu 1 -.J f bo : L 1 Ht-J 1 oc ; sHnr L- 


318; GOSOB 3898; GOTO 519 


:V= RND (14)*18+28: POKE 812 


odo-j; (• Ihli-jOU^ : jiH 1 dL-JqIb 


686 POKE -16362,8: POKE ?b3,5: POKE 


, RND (3)»85+85: GOSUB 2886 




769 j: POKE 888.148: POKE 881 


! CALL PLOT 


lb ItHi ; IHLL -700! Vinb 5; IntJ 


- ,8: POKE 88£.e: POKE 864,6: 


3.18 IF RHD Ma|8)<I THEN 388: IF 


lOl rKlni iDf> HrrLt 11 *** 


POKE 805,3: POKE 812,255: CfiLL 


NOT RND (288 ) Then POKE 28; 


: rklHi Hlun KtjijLuilUN u 


P05H 


RND (4 )*85 




618 FOR R=8 TO 4168: POKE 88?,R HOD 


328 Xi*( Rtffi (3)-I)*25:Yl=Y+( 


rKiiii 1 KnHUUn Lint mm ni BBb 


64: POKE 886,2+6* NOT (R HOD 


RHD (3)-l)*15: IF im OR 


ir CDrT.Si DDIkiT "3 DuUrtilH CUODf 

iL jpllU ; rklHi c KHNLJun Jinnrt 


65): CALL SHftPE: HE'XT R: G0SO8 


kl)2?9 OR YK8 OR Yi>i59-THEN 


rKU-JtliLU IHIU lUkHLk 


3888: GOTO 618 


328 


CO rRlnl IHKlb nnl! {■ULLT S 


?88 J= RHD (18H RHD (i8):K= RND 


338 X=)(1:Y=Y1: GOSUB 2688: CfiLL 


iklrii s knhyUR 3ntlrL arikfJLlnu 


(33)+ RHD (31)+ RND (68):L= 


LINE: GOSUB 3888: GOTO 318 


IHlu rUinl : rkitil 3 briKlibhtir 


RHD {9)/3: PRIHT 'FREQI1= " 


488 G0SU8 1888: POKE 812, RHD ( 


H 


;J;" FREQI2- ';K 


3)*85+85: CfiLL PLOT 


■-sC DDIUT r-L UT DC'- riftUiiTSt DC'TUT 

L-i rklni b ni-kli UUnUl rKinl 


718 GOSilB 4888: GOSUB 3838: GOTO 


418 FOR .1=1 TO 25: FOR 1=1 TO R: 


I KKri)™ »nvL rUKii ; rKIH! 


788 


POKE S88,K(I) HOD 255: POKE 




888 INPUT 'REL FREQ ti=%J: INPUT 


881,X>255: POKE 882, Yd): CfiLL 


Jb rKiril : rkiHI Hu HHi Kti rUK H 


•R£L FRE8 f2=",K: INPUT "HODE (6 


LINE 


ru f-.raftUi DOIHT STurr ipriUTDMi P 


=SOLID, 1=P0II}TS)",L 


426 X=( ;i( I )-88+( Y( I )-8e )/§ )*9/ 18 


1 < C-lTUDU DIlTTfiil TUrii TVDC 'T 

J ktlUKri bUllUri intK Itrt t 


818 GOSUB 4888: GOSUB 3688: GOTO 


+88:i(I)=(Y(l)-38-(X(I)-88) 


L/il riny KtluKn eollUii lu blur 


888 


/8)*9/16+38:X(l)=)i: Wk\ I, 




1888 CALL CLEftR: POKE 812, RHO ( 


•J: GOSUB 3868: GOTO 468 


rklill ! InMil sniL-rt Utnu 1 l*U i 


3)*85+85:R= RND (3)+2+ RHD 


588 CfiLL INIT: POKE 868,8: CALL 


fll! LiliUT » yt 

UU IsnHi ,<M 


(2): FOR 1=1 TO R:X(I)= RND 


PL0I:X=6:Y=6:XDIR=1:YDIR=1: 


38 Ir UK fti/o InLS 181 IHLL 


(169):Y(I)= RHD (168): NEXT 


A=5:B=3:C=8 




I 


518 POKE «88,8: POKE 881,8: POKE 


IBB LhLL IKli JfiTle: i-ft. UU3UD coos 


1818 M(1):Y=Y(1): GOSl 2888: RETURN 


882.Y: CALL LINE: POKE 888. 


m DfifeT OiO Oe;c, full D| fiT 


2888 POKE 888,X HOD 256: POKE 881 


{279-A) fiuD 256: POKE 881, X< 


111} A- KHU Uotf.'Ji- r.fii; ubB.fl uLoUb 


,X>255: POKE 882,Yi RETURN 


24; POKE 882,159: CfiLL LINE: 


cBed; IHLL Lilit; ir nUI Kfw 




POKE 888,23: POKE 881.1: POKE 


Kim) IriLn rUKL lid,'. tLLr \ 


3888 IF PEEK (-16384X128 THEN RETURN 


882,159-Y: CfiLL LINE 


i:3J+ KHy '%J.i+lj nUU 4*03; uLoUd 


: POKE -16363,8: POP : GOTO 


515 IF RND (588) THEN 528:fl=l+ RND 




18 


(13):B=2+ RND (8):C=4+ RHD 


coe oUjUd ItlBoiX- kHI' \c.!*cf?:l(- 


4888 CfiLL IHIT: POKE 812,255:fl=8 


(7) 


knl) u^*1j>; IHLL rLuu ruR 


:B=8: FOR 1=8 TO 273:B=(a+.Jy 


528 POKE S86,K HOD 256; POKE 861 


J-i iU ie; ruK i-I lU K; rUKt 


NOD 256:B=(e+K) «0D £;56:V= 


,!()255: POKE 882,8: CALL LINE: 


oSbjMi) nuu djb; i-ukl boi. 


( PEEK (SIHTeL+H)+ PEEK (SINTBLt 


X=S+XDIR*fi: IF X>=8 AND S<288 


MU/C^*j; tuKl LflLL 


B))*5''16 


IHLn JoB;SUlK--isl/iK:fi- a: it 


LINE 


4818 POKE 888,1 ROD 256: POKE 381 


X<8 THEN Mm. 




,1)255: POKE 882,Y: CfiLL LIHE- 






6*( NOT I OR L): NEXT I: RETURN 
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ROD'S COLOR PATTERN 



PROGRAM DESCRIPTION 

ROD'S COLOR PATTERN is a simple but eloquent program. It generates a 
continuous flow of colored mosaic- like patterns in a 40 high by 40 wide 
block matrix. Many of the patterns generated by this program are pleasing 
to the eye and will dazzle the mind for minutes at a time. 

REQUIREMENTS 

4K or greater Apple II system with a color video display. 
BASIC is the programming language used. 

PROGRAM LISTING 



m GR 

1§5 FOR y=3 TO 58 
118, FOR 1=1 TO 19 
115 FOR J=8 TO IS 
128 K=I+.J 

13S C0L0R=J*3/(I+3)+I*y/l2 

135 PLOT l.h ?m W. PLOT 48 
-I,46-K 

136 PLOT m.,mt PLOT ^:,4e-h 
PLOT 48-1, K; PLOT 1,4H.: PLOT 

146HEKTJ,I 

145 HEKT y: GOTO 185 
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PROGRAM LISTING: PONG 






5 REPI PQHG fii tfEN&ELL BlTTEK 


i£8 IF Y=PP+3 THEH V=-l: IF Y=PPt 


£35 IF H THEH 245:P(l)=<( PDL ( 


18 REfi VVll 


4 THEH r-h IF Y=PPt5 THEH 


r)-£4)*£6)/Ii5: IF P(1)=P(3 


15 REH PhDuIE SyilCHES COHTROL 


V=-3 


) THEH £45: IF PdHftTHEH 


PHDDLE SIZE AFTER a HISS 


1£5 IF S=8 THEH V=3- RHD (?) 


P(r)=85 IF P(l)+S>39 THEH F( 


OR DUR1H6 fi HIT 


139 C.0L0R=6: PLOT K-C,Y 


l)-39-S 


2§ GR 


135 IF (H BHD D6) OR (V?0= BBS 


248 C0t0R=6: VLIH P(1),P(1)+S AT 


c5 DIfi P(3): DIH HPt(ie) 


(V) BHD M) THEH V=4- RHD 


39: C0L0R=8: IF .P(1)>P(3) THEH 




(3) 


¥LIK 8,P(t)-l BT 39: IF P(i 


35 C9LGk=13: BLIH 1,33 HT 8; HIIN 


148 IF ir% THEH VYO- BBS (V) 


KP(3) THEN VLIH P(l)+S+1,39 


1,38 fiT 39 


145 H=39-H:B=39-B:C=-C 


BT39:P(3)=P(1) 


48 CfiLL -93fei VThB £3; IHPUT "HkHDB 


150 IF PEEK (-16286))l£7 BHB Si 


£45 P(6>(( PDL (8)-24)*£6)/145 


HLL OR POHu ? MIP$ 


5 THEH S=Sn 


: lb(9)<8 THEH P(e)=8: If 


45 IHPUT 'PfiDDLE SIZE (1-6) 


155 IF PEEK (-16£S7)>127 BHD St 


, P(6M£) THEH RETURN : IF 


PS; IF PS<1 OR PS>£ THEH 45 


8 THEN S=S-1 


P(p4+S>39 THEH P(6)=39-S 


:S=PS-1 


168 GOTO 65 


£56 C0L0R=6: VLIH P(8),P(6)+S BT 


59 ChLL -936 


165 C0L0R=8: PLOT K-C,Y 


9: C0L0R=6: IF P(9)>P(£) THEH 


55 IF HPt(l)rH^ THEN £85 


176 C0L0R=i5: PLOT K,Y^V*(Y^'»/'- 


VLIH 8,P(8)-1 BT 8: IF P(8) 


66 H=l: CfJL0R=13: VL1H 0,39 fil 


1 BHD i+V<46> 


<F(2) THEH VLIH P(8)+S+l,39 


33: GQTO £85 


175 FOR 1=1 TO ?5:H= PEEK (-16336 


HT 8 


65 FOR K=ft TO B STEP C 


)+ PEEK (-16336)- PEEK (-16336 


£55 CGL0R=8: IF P(0))P(£) THEH 


?8 Y-u^V: IF Y)l flHD ¥(33 THEH 


): HEXT T 


VLIH 8,P(8)-i BT 8: IF P(6) 


W. IF Y\l THEH f=l: IF i>33 


189 IF M THEH SR=SR+1: IF )(=39 


<PC£) THEH ¥LIH P(«)+S+l,39 


THEH Y=53 


THEH SL=SLtl 


fiT.8:P(£)=P(8): RETHRH 


75 V=-Vt KsR T=l TO 5;H= PEEK 


185 VTRB £3: ThB 7: PRINT SL;: TfiB 


£68 PRIHT "•: EHD 


(-16336)1 HEKT T 


33; PRIHT 5R 


£65 EHD 


86 IF K=l: or ){=39+C THEH 85: COLOR= 


196 C0L0R=8: PLOT K-C,Y 




8; PLOT K-C,YY; C0LuR=15: PLOT 


195 IF SL=15 OR SR=15 THEH £68 




K,Y 


£88 C0L0R=8: PLOT X,Y+V*(Y+V>-1 




85 YY=Y: IF I HOD l-% THEH 5851IB 


BHD i+VY<46) 




£35: HEXT I 


£85 FOR T=l TO 75: IF T ROD 5t8 




98 bUbliE c35 


THEH £18: IF PEEK (-16£86) 




95 IF sCRHi.A,VtV*ritv\4fe HHu Y+ 


>1£? BHD SS5 THEH 5=5+1: IF 




V>-1))=9 THEH 165 






186 FOR T=l TO 18:H= PEEK (-16336 


S=S-1 




): HEKT T 


£18 60SUB £35: HExT T 




185 IF H flHD 06 THEH 133 


£15 iY=P(6): IF K=8 THEH YY=F(1 
) 




116 PF-P( ft/38) 

115 IF Y=PP THEH V=3: IF Y=P?H 


d£8 IF H THEH Vi= RHD (37)+l 




THEH ¥=£: IF Y=PP+£ THEH V= 


£25 ¥=1- RHD (3) 




1 


£38 GOTO 65 
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COLOR SKETCH 



PROGRAM DESCRIPTION 

Color Sketch is a little program that transforms the Apple II into an 
artist's easel, the screen into a sketch pad. The user as an artist 
has a 40 high by 40 wide (1600 blocks) sketching pad to fill with a 
rainbow of fifteen colors. Placement of colors is determined by 
controlling paddle inputs; one for the horizontal and the other for 
the vertical. Colors are selected by depressing a letter from A through 
P_ on the keyboard. 

An enormous number of distinct pictures can be drawn on the sketch pad 
and this program will provide many hours of visual entertainment. 

REQUIREMENTS 

This program will fit into a 4K system in the BASIC mode. 



57 

"DTCA2DOC-469-057.PICT" 130 KB 2001-06-26 dpi: 600h x 600v pix: 2440h x 3985v 



Source: David T Craig 



Page 0061 of 0156 



Apple 2 Computer Information • 


Document 469 • Apple 2 Reference Manual (Jan. 1978) 


PROGRAM LISTING: COLOR 


SKETCH 




J rUfiL C|if j: rufiL 0770. ruKt. 


85 POKE I. ION HOD 256: POKE 24 


135 C2= SCRH<X,Y):C3=15: IF 02= 


n;17L: rUr.L jflui,f> ,rUr.t o^S 


,T0N/256+l: POKE e,KK: CfiLL 


15 THEN C3=5: COL0R=e3: PLOT 




£: RETURN 


J=:,Y:sl=X:Yt=¥ 




98. GC5UB 30: GOSUB £5: PRINT : 


148 GOTO 125 


!• P/tkT 1? PfiS- PiUT IQ i 


TftB 13: GOSUB 35: GOSUB 25 


145 IF PEEK (-16384)1168 THEN 155 


to pnkT a i<3Q> PHkT l*^ Pi' Pfiifr 


: PRINT : GOSUB 39: GOSUB 25 


:FLA6=8: POKE -16368,6: POKE 


lOfCtCi rUKt li}^> runC. 1d« 


: PRINT : TAB 5: GOSUB 48: GOSUB 


34,28: C0l0R=8: HLIN 8,39 AT 


•Iflp' PAkrT IQ 1' Pfii^F ?A> 


25: PRINT : GOSUB 38: GOSUB 


39: CALL -936 


PflkT PI P> Pflj^P ?P fi'^n^T 
rUNf. CljCi rUftt CCjO.'FUlvt 


i5 


158 PRINT :B$='COHTINUE OR STOP' 


CJi 70 


95 PRINT : GOSUB 78: GOSUB 45: 


: VTAB 24: GOSUB 25: INPUT 


13 yin B»vw/i ILnl : UnLL 700 


GOSUB 25: PRINT : GOSUB 58 


■ (C/5) %BI: IF B$(l,l)="C'' 


• nPTfl Qfi 


: GOSUB 25: PRINT : GOSUB 55 


THEN 118: PRINT 'END": END 


CB LULL 7-ib: UUIU 75 


: GOSUB 25: PRINT 




?'i ft- iFMc'S*'!' FflB 7=1 in fl' fifi'IllR 
cj n- LLn\&f<a run L-i lu rit uujud ■ 


188 PRINT : PRINT : GOSUB 78: INPUT 


155 FLHG=i:C= PEEK (-i6384)-133 




"yHEN READY HIT RETURH", Bl 


: POKE -16368,8: GOTO 125 




185 GR 






118 B$==fteCL€FGHIJKLaNOP": CftLl 






-93& 




'iS Bt-'Pni ftp CtTTfH'" CFTilPH 


115 FOR M TO 15: £QLCR=Z: PLOT 




m Pt-»rnPVPif;uT appif rfiMPiiTFC* Im? 

So D*- tUrlKlunl nrrLL LUnruiLR I7f 


Z*2+4,39: VTflB 21: GOSUB 75 




7"> PFTIISU 


: TAB Z*2+5: PRINT BJ(Ztl,Z+ 




■tJ oi- lnl3 rKuUKnn nLLUtS lU'J ID 


l)j: GQSUS 75: HEftT Z: ThB 




• PFTIIPii 
: fit 1 UKn 


1 




JD D»- )jKLlln lULUKUf rlliuKt> in 


128 VTflB 22:Bt='TVPE A LETTER TO CH 




■ PrTilPU 
: KLIUKn 


ANGE COLOR.': GOSUB 25: TRIHT 




S"! Pt-'ifiU PFQllllTinH fiPflPHlfc UTTH 


:B$="TYPE SPACE BAR TO STOP PL8T 




PflMilFC". PFTilPU 
rtll/L'LLi : KLIURM 


. : mJoUb dd't rkinl 




68 KK=28:T0N=2e: GOSUB 85: RETURN 


125 Y= PDL (1)*38/255:K= PDli (8 






)*39/255: VTAB 24: M I: PRINT 




i'i tY-ta-TAU-lO' I'lfli^HR 0S> PFTilPU 
03 rh-lBi llffi-lBi UUjuD uJi RCiUnn 


"CURSOR POSITION: 'i^'iV 'i=' 




7fi i'!f-Pa»TfiU-Sfi« Gfi-ilR PR.kT='?8 

(0 KR-CBi tUn-itlli uU^UO OJiP-K-OD 


1 1 J t' 

138 IF PEEK ( -16384 ))127 THEN 145 




mRtn-7Di tiujuD Q-it fit. 1 urn 


: IF m AND Y1=Y THEN 125 




7^ k'k'-oa>Triki-PS> hfti^ilP QS> PFTIIPU 
rJ Fip.-CS: lUn-CO: UU3UD ej> KLIUKn 


: COLOR=C£: PLOT K1,Y1: IF 






HOT FLAG THEN 135: COLOR=C: 




88 t(K=8:T0H=c'5e: GOSUB 85:KK=9 


PLOT i.'i 




:T0H=£53: GOSUB 85: RETURH 
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MASTERMIND PROGRAM 



PROGRAM DESCRIPTION 

MASTERMIND is a game of strategy that matches your wits against Apple's. 
The object of the game is to choose correctly which 5 colored bars have 
been secretly chosen by the computer. Eight different colors are possible 
for each bar - Red (R), Yellow (Y), Violet (V), Orange (0). White (W). and 
Black (B). A color may be used more than once. Guesses for a turn are 
made by selecting a color for each of the five hidden bars. After hitting 
the RETURN key Apple will indicate the correctness of the turn. Each white 
square to the right of your turn indicates a correctly colored and positioned 
bar. Each grey square acknowledges a correctly colored but improperly posi- 
tioned bar. No squares indicate you're way off. 

Test your skill and challenge the Apple II to a game of MASTERMIND. 
REQUIREMENTS 

8K or greater Apple II computer system. 
BASIC is the programming language. 
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PROGRAM LISTING: MASTERMIND 




8 REH GSfiE OF HSSTERHiNi) 8-e5-77 


298 Y=TRY*E HOD 36+t:TRY=TRY+l: 


3888 REH CRLL -384 SETS IHVERSE VID 


yOZ (fiPPLE COMPUTER) 


TftB 32: PRIHT TRY;: COLOR= 


3818 REH CALL -388 SETS HORHRL VID 




9: HLIH 8,39 AT Y:FLflSH=I: FOR 


3628 REH PEEK( -16384) IS KBD (ASCII ) 


8):?:(i)=2:Sa)=t2:!((3)=h!!( 


H4 TO 5:fl(H)=8: GOSUB 1888 


(IF ) 127 THEH STROBE SET) 


4)=13sS{(5)=3:l{(A)=9:^(7)=15 


: tOT H:H=l 


3836 REH PCKE-16368 CLRS KBD STROBE 


sK(8)=5:Kt='B6R'(V0yX' 


388 FOR yfiIT=l TO ie:KEY= PEEK 


3648 REH CflLL-936 CLEARS SCREEH BHD 


£8 im : CftLL -93£i PRIHT ' 


(-16384): IF KEY<I32 THEH 318 


TABS CURSOR TO UPPER LEFT. 




: POKE -16366,8:FLfiSH=l: FOR 


3858 REH IH 318, KEY/5-28= -1 OR +1 




I=t TO 8: IF KEYO fl5C(5i$(I) 


(ARROy KEY=136 OR 149 ASCII) 


UELCO 


) THEH HEKT I: IF 1=9 THEN 


4888 REH STfiTS 18-56 mm 


HE TO THE GliHE OF HRSTERfilHD! 


31B:fi(H)=I:KEY=l49 


4616 REH STfiTS 188-118 HEy SETUP 




318 G0SU8 1888: IF KEY=141 THEH 


4828 REH STHT 266 HE^ GUESS 


VOUR OBJECT 15 TO GUESS 5 COLOR 


488: IF KEY4136 RHD H>i OR 


4838 REH 5THTS 388-316 USER IHFUT 


S (yHICH" 


KEY=149 AND H<6 THEN H=H+KEY/ 


4648 REH STHT 488 GUESS EVRL 


36 PRIHT "I iILL HRKE UP) IH THE HI 


5-28: HErT liflIT:FLHSH=i-FLRSH: 


4656 REH 5TKTS 588-518 yiH 


HIRUHHUHBER OF GUESSES. THER 


GOTO 368 


4869 REH SU8R 1668 COLOR LIHE 


E BRE EIGHT DIFFEREHT COLORS TO 


488 COL0R=15:R=e: FOR 1=1 TO .5: 


4878 REH SUBR 2866 HATCH TEST 


CHOSE FROH.' 


D(I)=C(I):J=I: GOSuB 2888: HEXT 




46 PRIHT " 


I: IF R=5 THEK 588: COL0R=5 
: FOR J=l TO 5: FOR 1=1 TO 




FFyFR THhH ? ri!iF<5tiF^~F5ir 






ELLEHT'5 PRIHT ' 7 TO 9 bUESSE 


288 




S- — GOOD": PRIHT ' 16 TO 14 G 


588 PRIHT : PRINT " 




UESSES — flVERflGE' 


YOU GOT IT IH ' 




56 PRIHT "HORE THflH 14 GUESSES-POO 
R 


jTRY;' TRIES Cj: IF TRY(7 THEH 
PRIHT 'EXCELLEHT'j: IF TRY) 
6 RHD TRY<I8 THEH PRIHT "GOOD* 




°: CALL -334: TftB 7: PRIHT 


t 

518 IF TRY>9 RHD TR¥<15 THEH PRIHT 




'HIT HHi KEY TO BEGIH PLftY" 


•flVERflGE";: IF TRY>14 THEH 
PRIHT 'POOR';: PRINT ")": CftLL 




188 CALL -338: IF PEEK (-16384) 


-384: TftB 5: PRIHT 'HIT RHY KEY 




{132 THEH 186: POKE -16368, 


TO PLRY flGfllH": GOTO 168 




9: GR : PRINT ; FOR 1=1 TO 


1868 IF H=6 THEH RETURH : COLOR= 




8:C(I)= RHD (3)+l: COLCR=X( 


K(fl(H))*FLR5H: HLIH H*4-2,H» 




I): HLIN 1*4-2.1*4 RT 39: PRIHT 


4 RT Y: RETURH 




" 'jXia,!);: HEXT 1 


2988 IF fi<:i)<>D(J) THEH RETURH ; 




118 TR¥=8: PRIHT : PRIHT ' LETTER 


H=H+1: PLOT 21+tltH.Y: PRIHT 




KEYS FOR COLOR CHRHGE': PRIHT 


•»;:ft(I)=8:D(J)=9: RETURH 




■ RRROy KEYS FOR RDVftKCE fiHD 8fi 






CK": PRIHT ' HIT RETURH TO fiCC 






EPT GUESS 1"; 
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BIORHYTHM PROGRAM 

PROGRAM DESCRIPTION 

This program plots three Biorhythm functions: Physical (P), Emotional (E), 
and Mental (M) or intellectual. All three functions are plotted in the 
color graphics display mode. 

Biorhythm theory states that aspects of the mind run in cycles. A brief 
description of the three cycles follows: 

Physical 

The Physical Biorhythm takes 23 days to complete and is an indirect indicator 
of the physical state of the individual. It covers physical well-being, basic 
bodily functions, strength, coordination, and resistance to disease. 

Emotional 

The Emotional Biorhythm takes 28 days to complete. It indirectly indicates 
the level of sensitivity, mental health, mood, and creativity. 

Mental 

The mental cycle takes 33 days to complete and indirectly indicates the level 
of alertness, logic and analytic functions of the individual, and mental recep- 
tivity. 

Biorhythms 

Biorhythms are thought to affect behavior. When they cross a "baseline" the 
functions change phase - become unstable - and this causes Critical Days. These 
days are, according to the theory, our weakest and most vulnerable times. Acci- 
dents, catching colds, and bodily harm may occur on physically critical days. 
Depression, quarrels, and frustration are most likely on emotionally critical 
days. Finally, slowness of the mind, resistance to new situations and unclear 
thinking are likely on mentally critical days. 

REQUIREMENTS 

This program fits into a 4K or greater system. 
BASIC is the programming language used. 
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PROGRAM LISTING: BIORHYTHM 




5 POKE i,mi mi 3.4'3j POKE 


78 POKE 1,TH flOD 256: POKE 24, 


118 J=l: 6R : POKE 34,23: FOR K= 


4,19£: POKE 5,165; POKE S,8 


TH/256+1: POKE 8,KK: ChLL 2 


18 TO 28: C0L0R=3: HLIK 8,31 


; POKE IMi POKE S,163! POKE 


: RETURH 


BT h mi h HUH 1,3 fiT 


$,252: POKE 18,165: POKE 11 


75 GOSUB 68: INPUT 'DhTE (K.D.Y) " 


3: HUH 1,3 RT 37: VLIH 2,4 


,1: POKE 12,288: POKE 13.4 


.fi,D,y:Ht(i<i66)*1998 


HI 2: VTRB 21 


16 POKE 14,198: POKE 15,24: POKE 


88 fl=V-(H<3):H=V HOD 58*365-^/ 


115 FOR y=l TO 31 STEP 3: PRIHT 


16,246: POKE 17,5: POKE 18, 


58*82tH/4-8/488+H*31-fi/12-ii/ 


V;: IF Y<18 THEH PRINT ' 'i 


138: POKE 19,1: POKE 29.F6: 


7-R/5-3*(R>2)+&: IF H<8 THEN 


: PRIHT " ';: HEH 'f: PRIHT 


POKE 21,2: POKE 22,6: POKE 


N=N+21252: RETURh; 


' P E VTHB 24 


23,96 


85 DIfi !it(l8),8f(3),B(3),C(3), 


128 VTfiB 23: PRIHT 'DBYS LIVED ' 


15 GOTO 85 


BV(3):B(1)=348:B(2)=286:B(3 


;H: FOR 1=1 TO 3: C0L0R=1*( 


£8 TT=3: bOSUB 38: RETURH 


)=242:C(1)=575:C(2)=?88:C(3 


I=r)+b*(i=2)+3*<I=3): VLIH 


25 PRINT "uuummmumu*** 


>=825:8V(1)=23:BV(2)=28 


8,39 RT 33tI+I: VTRB 24 


tmuumu**', RETURN 


98 BV(3)=335 TEKT : CfiU. -936: 


125 FOR M TO 31:P=(H HOD BVCI) 


36 KK=8:T0H=568: GOSUe 45: RETURN 


POKE 34,28: GOSUB 28: GOSUB 


+K) fiOD BVd); GOSUB 58; PLOT 




25: GOSUB 28: PRINT j TftB 16 


K,fi: GOSUB 65: HEKT X: Ml 


35 KK=8sT0H=256: GOSUB 45: RETURN 


: PRIHT 'iiPPLE II BICRHiTHH (4K) 


I 




": TAB 15: PRIHT 


136 PRIHT : IHPUT 'hHOTHER PLOT (V-'H 


46 KK=8:T0H=259: GOSuB 45:KK=9 


95 GOSUB 25: TfiB 5: PRINT "COPYRTGH 


) "M: IF B$(1,1)='Y' THEH 


:T0H=256: GOSUB 45: RETURH 


T 1977 fiPPLE COMPUTER m, " 


98: EHD 




i POKE 34,24: VTflB 24 




45 POKE lJuH HOD 256: POKE 24 


188 GOSUB 68: INPUT 'HRHE ",H$: 


> 


.TUfi/256+1: POKE 8,KK: ChLL 


VTHB 22: PRIHT Hi: VTfiB 24 




2: RETURH 


: PRIHT 'BIRTH ";: GOSUB 75 




50 H=(l9-(P*e(I)/16H))*(P*166< 


: VTHB 22: TftB 21: PRIHT "BIRTH 




C(I)mP*188>C(i))*(P*ieO<= 


DHTE ■jS;',';&;'.";V: VTRB 




3*C(I))*((P*lSe-C:(I))/ie8*B( 


24:H1=H: CflLL -368 




D/ie6) 


165 PRIHT "FORECfiST ";: GOSUB 75 




55 fl=fi+(P*168)3tC(l)m38-((P* 


:H=H-K1: IF H<8 THEN H=H+21252 




16§-3*C(l))/180*B(I)/ie9)): 


: VTHB 23: TfiB 18: PRIHT "FORECft 




fi=39*(H)3S)+H*(K<46): RETURH 


ST OiiTE ';Hj",';0;",';Y: VTfiB 






24: CfiLL -868 




66 KK=8:TR=568: GOSUB 76:KK=9: 






in-cjo: uUbUt' ib: RtliiKn 






65 KK=?:TH=I8s GOSUB 78: RETURH 
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DRAGON MAZE PROGRAM 



PROGRAM DESCRIPTION 

DRAGON MAZE is a game that will test your skill and memory. A maze is 
constructed on the video screen. You watch carefully as it is completed. 
It is finished the maze is hidden as if the lights were turned out. 
6 object of the game is to get out of the maze before the dragon eats 
y^^' A reddish-brown square indicates your position and a purple square 
represents the dragon's* You move by hitting a letter on the keyboard; 
does'" ^ ^ right, and L for left. As you advance so 

oes the dragon. The scent of humans drives the dragon crazy; when he is 
enraged he breaks through walls to get at you. DRAGON MAZE is not a game 

or the weak at heart. Try it if you dare to attempt out-smarting the 
dragon. 



REQUIREMENTS 

8K or greater Apple II computer system. 
BASIC IS the prograirming language. 



Color tints 



"lay vary depending upon video monitor or television adjustments, 
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PROGRAM LISTING: DRAGON 


MAZE 




1 TEXT : CfiLL -9J6 


28 PRIHT 'IS, EVEN BEFORE YOU CRN S 


1698 Q=R+D+L+U 


d PRIHT yELCuHE TO THE DRftGON S K 


EE IT, BY" 


1188 IF (e<3 RHD RHD .(18X2) OR 


B2E!" 


21 PRIHT »TH£ FACT THAT THE DRB60H 


Q=9 THEH 1178 


3 PRiKt 'VOU m tiRTCH UHILE I BUI 


CRH^T GET' 


1118 DR= RHD (4) 


LD fl KfiZE,' 


22 PRIHT 'THROUGH ITi )" 


1128 GOTO li38ti8tDR 


4 PRINT BUT yHtN II S COHPLETE, I 


23 PRIHT 


U38 IF HOT « THEH ili8:H(K)=H(K) 


-til mnrft 

LL ERASE 


89 DIH ft*(3) 


+l!X=X+l 


5 PRIHT "THE PIGTtlRE. THEH YOU'LL 


98 PRIHT "TYPE 'GO' TO BEGIN " 


1135 'f'LIH 3*Y-2,3*Y-1 AT 3*(X-1) 


ONLY SEE THE yftLLS fiS YOU BUMP I 


;: INPUT U 




HTD THER. " 


m GR : C0LOR-I5 


1136 GOTO 1835 


/ i\r*TUT flTft Mmir unit iitt iTeI 

i PRIHT "TO rOyE, lOU HIT R FOR 


leSCRLL -936: PRIHT "DRfibOH KfiZE" 


1148 IF HOT D THEH 1118:fi(K)=f!(K) 


RIGHT," 


}! TAB (£5); PRIHT 'GARY J. SHAH 


+18:¥=Ytl 


7 PRIHT "L' FOR LEFT, 'U' FOR UP; 


NOH' 


1145 HLIH 3*ft-2,3*X-l AT 3*(Y-1) 


HHD" . ; 


119 FOR 1=6 TO 38 STEP 3: VLIH 




8 PRIHT "'D' FOR DOyH. DO HOT HIT 


8,39 AT I: HLIH 8,39 AT I: NEXT 


1146 GOTO 1835 


RETURN!* 


I 


1158 IF HOT L THEH 1118:H(K-1)=H( 


,9 PRIHT 


128 COLOR=B 


K-l)-l:M-i 


4 A ni\tiiT BTiir nrvj^t^T Pfti% unit vtii 

IB PRIHT THE OBJECT ;;IS FOR YOU (TH 


139 S=i888 


1155 VLIH 3*V-2,3*Y-1 AT 3*X 


E 6REEH MI' 


1688 DIH H(10),T(i69} 


1156 GOTO 1835 


11 PRIHT 'TO GET TO THE DOOR OH THE 


1861 FOR 1=1 TO lb9;T(I)=8; NEKl 


1168 IF HOT y THEH lll8:H(t;-13)= 


RIGHT bIDE 


I 


H(1(-13)-18:Y=Y-1 


12 PRIHT BEFORE THE ORflGflH (THE RE 


1818 FOR 1=1 TO 169jfi(D=ll: HEXT 


• 1165 HLIH 3*X-2,3*X-1 AT 3*Y: GOTO 


D OUT^ EATS 


I 


1835 


13 PRIHT "YOU,' 


1838 X= RHD (13)il:Y= RHD (13 HI 


1178 X= RHD {13)+!:^= RHD (13H1 


( i nnTLtT MA^iiAnri iitiiiti s'tiHT'TTufr 


:i>169 




THE DRftGOH" 


.1835 IF C=l THEH 1288 


1188 IF H(X+13*(Y-1))>8 THEH 1179 


15 PRIHT GETS REftL HriD, fiHD CLIHBS 


1848 R=8:D=e:L=8:U=8:t;=X+13*(Y-! 




OVER ft ML. 


):fl(r/=- ABS (H(D)!C=C-1 


1198 .C=C+h GOTO 1835 


16 PRIHT 'BUT HOST OF THE TIHE, HE 


1858 IF MZ TKEH ie6e:R=H(i(+l)> 


1288 GQSUB 5888: PRIKT 'THE HAZE IS R 


CflH'T GO OVER" 


8 


EHDY' 


17 PRIHT 'HHD Hfib Tu GO flRuUHi*." 


1966 IF Y=I3 THEH 187@:D=H(J:tl3) 


1295 GR : C0L0R=15 




>8 


1218 VLIH 8,39 AT 8: '^LIN 8,39 AT 


18 PRIHT • 


1878 IF M THEH 183S:L=H(K-l)>e 


39: HLIH 8,39 AT 9: HLIH 8. 


19 PRIHT *<HIHT: YOU CflH OFTEN TELL 




39 AT 39 


UHERE fl yfiLL' 


1839 IF Y=l THEH 1896;U=H(K-13)> 


1228 X=1:Y= RHD (13)+1: C0L0R=8: 




8 


PLOT 3*X-2,3*Y-2 
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DRAGON MAZE Gont. 






iccj nA"i3*o c»ni-i3*i c 


2528 GOTO 2828 


7888 IF THEH 7685: IF Y>SY THEN 




3888 DX=8!DY=-l 


7858 




3818 IF H(J!+13*(Y-2))/18 THEH 4288 


7861 IF fi(S/{ THEN 7166: IF Y<SY THEH 


ftT 35 




7158 




3828 GOTO 2828 


7885 IF Si^=I3 THEN 7858: IF T(SX+ 


i5£a nv-o*cv Oinv-Oicv o 


3588 DK=8:DY=1 


I3«(SY-1)»9 THEH 78I8' IF 

\ tJ t L 1 1 1 J t IIL-li i .VI WI 11 


iCfli 


3518 IF H(K+13*(Y-1))/18 THEH 438b 


H(SXtl3*(SY-l)) HOD 18 THEH 


IJBO K- rLLfc \ ID-JOi/I Ir r-AiCo IflLn 




7658 




3528 GOTO 2828 


7818 D}{=1'f)y=l! 




4888 GOSUe 5888 


7828 C0L6R=8 


iju m-v. uLoUb rosDiK-uy 


4818 C0L0R=15 


7622 RX=3*S}(^2:RY=3»SY-2 


iSiA IF Qv-y flun cv-y tutu ^Aua 


4828 VLIR 3«(Y-l),3*Y fiT 3*X 


7623 FOR 1=1 TO 3:RX=RX+D)(:RY=RY+ 


IF i= R^Ci''9') 

IJCD ir n3(^\ r J incn CvuO 


4838 GOTO 1588 


DY 


1538 IF i(= fi^iWI " ■) THFN P'iiifl 


4188 GOSUB 5888 


7824 C010R=8 


1548 IF K= flSCCU') THEK 3888 


4119 C0LGI?=15 


7825' FOR K=8 TO 1: FOR L=6 TO 1: 


1558 IF i- ftSftTfM THFH '<Sfia 


4128 VLIH 3*(Y-1),3*Y AT 3*(X-l) 


PLOT 6X+K.QY+L: HEXT L.K' COLOR= 


IJOti Ou3Uo vODBt uUlU IJOo 




RD: FOR K=6 TO 1: FOR L=8 TO 




4138 GOTO 1588 


1: PLOT RX+K.RY+L: HEXT L,K: 


2818 IF fi(l{+13*(Y-l)) fflO 18 THEN 


4288 GOSUB 5888 


QX=RX:QY=RY 


4888 


4218 C0L0R515 


7938 HEXT I 


5fli>fl Cv-Oiy.Q.cv-^iV Ji CfiD j-i in 
CDCB rn-*frt clrT-J'i c; rUK I-l lU 


4228 HLIH 3*{H),3*X AT 3*<Y-l) 


7835 SX=SX+DX:5Y=SY+DY 






7846 T( SX+ 1 3*( SYr-1 ) )=T( SX+1 3*( SY- 


pfiia FJ!:Fy+ri>i'Fy-FY+!i¥ 


4238 GOTO 1588 


l))+l 


P848 rrti 116=8 


4388 GOSUB 5888 


7845 RETURN 


^flgB FOB l(=H TO j ' FflS 1 =8 Tfl 1 • 


4316C0L0R=15 


7858 IF SY=13 THEH 7188: IF T(SX+ 




4326 HUH 3»(H).3*K AT 3*Y 


.13*(SY-1))>9 THEN 7868: IF 


S< FOR k=8 Til 1- FAt 1=8 TO 


4336 GOTO 1538 


H(SX+13*(SY-1))/18 THEN 7188 




5886 S=S-1: FOR 1=1 TO 28:0= PEEK 




HX=FX'HY=FY 


(-16336)+ PEEK (-16336)+ PEEK 


7868 DX=6:DY=l: GOTO 7628 


2118 KEXT I 


(-16336)+ PEEK (-16336): NEXT 


7188 IF <»X=f THFN 71Sfi« ?F Tf<;y+ 
1 iDo ir jA-i intn liiiOi ir, i\3A- 




I: RETURN 


13»(SY-i))>9 THFH FUfi- IF 


dllb IF X=13 hHD Y=yY THEH ti6B8 


6886 PRINT "YOU «1H!' 


H(SX+l3*(SY-l)-l) HOD 18 THEN 


3150 CfiTil ICflQ 
Clce UUlU IJSB 


6818 GOSUe 5888: GOSUB 5888: GOSUB 


7156 


£583 B)(=-l!DY=8 


5888 




2518 IF »(X+13*(Y-1H) HOD 18 THEN 


6826 PRINT •SC0RE=";St3 




4188 


6838 END 
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DRAGON MAZE cont. 



7118 DX=-1:0Y=8! GOTO 7829 
7150 IF SV=1 THEN 7985r iF T(SX+ 
l3*(SV-i));'9 THEK ?l68s IF 
H(SJ(+13*(SY-1)-13)/18 THEN 
7895 

7168 ()K=8:D¥=-1: GOTO 7929 

8986 GOSUa 5988: G6SU6 5868-. GOSUO 

5898: 60SUB 5888: PRINT 'THE DRfl 

GOH GOT YOU!" 
!999'eHD 
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APPLE II FIRMWARE 

1. System Monitor Commands 

2. Control and Editing Characters 

3. Special Controls and Features 

4. Annotated Monitor and Dis-assembler Listing 

5. Binary Floating Point Package 

6. Sweet 16 Interpreter Listing 

7. 6502 Op Codes 
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System Monitor Commands 




TT 4-_^-,_ - rMM.mv«-pi ii mar«winA 1 o\/oi mnni+or ■ffif ij^p bv the advanced 
Apple II contains a powerTui niacnine levci hiuim tut lui uac ujr wv^yuii^v-vj 

programmer. To enter the monitor either press RESET button on keyboard or 

CALL-151 (Hex FF65) from Basic. Apple II will respond with an (asterisk) 

prompt character on the TV display. This action will not kill current BASIC 

program which may be re-entered by a (control C). NOTE: "adrs' is a 

four digit hexidecimal number and "data" is a two digit hexidecimal number. 

Remember to press "return" button at the end of each line. 


Command Format 


Example 


Description 


Examine Memory 






adrs 


*C0F2 


Examines (displays) single memory 
location of (adrs) 


adrsl .adrs2 


*1 024. 1048 


Examines (displays) range of memory 
from (adrsl) thru (adrs2) 


(return) 


* (return) 


Examines (displays) next 8 memory 
locations. 


.adrs2 


*. 4)096 


Examines (displays) memory from current 
location through location (adrs2) 


Change Memory 






adrs: data 
data data 


*A256:EF 2jO 43 


Deposits data into memory starting at 
location (adrs). 


:data data 
data 


*:FCl A2 12 


Deposits data into memory starting 
after (adrs) last used for deposits. 


Move Memory 






adrsl<adrs2. 


*1(?(?<B(?1(?.B41(3M 


Copy the data now in the memory range 
from (adrs2) to (adrsS) into memory 
locations starting at (adrsl). 


Verify Memory 






adrsl<adrs2. 
adrs3V 


*100<B010.B410V 


Verify that block of data in memory 
range from (adrs2) to (adrsS) exactly 
matches data block starting at memory 
location (adrsl) and displays 
differences if any. 
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Command Format 


Example 


Description 


Cassette I/O 






adrs1.adrs2R 


*300.4FFR 


Reads cassette data into specified 
memory (adrs) range. Record length 
must be same as memory range or an 
error will occur. 


adrsl .adrs2W 


*800.9FFW 


Writes onto cassette data from speci- 
fied memory (adrs) range. 


Display 
I 

M 


*I 

n 


Set inverse video mode. iDiacK cnaracters 
on white background) 

Set normal video mode. (White characters 
on black background) 


Dis-assembler 






adrsL 


*C800L 


Decodes 20 instructions starting at 
memory (adrs) into 6502 assembly 
nmenonic code. 


L 


*L 


Decodes next 26 instructions starting 
at current memory address. 


Mini -assembler 






(Turn-on) 


*F666G 


Turns-on mini-assembler. Prompt 
character is now a "!" (exclamation 
point) . 


$ (monitor 
command) 


:$C800L 


Executes any monitor command from mini- 
assembler then returns control to mini- 
a«;<;pmbler Note that many monitor 
commands change current memory address 
reference so that it is good practice 
to retype desired address reference 
upon return to mini -assembler. 


adrs:(65j02 
MNEMONIC 
instruction) 


:C(?lp:STA 23FF 


Assembles a mnemonic 65()2 instruction 
into machine codes. If error, machine 
will refuse instruction, sound bell, 
and reprint line with up arrow under 
error. 
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Command Format 


r,._„_i_ np<;rri nt i on 
Example uebt^r i^tiun 


(space) (65(12 
mnemonic 
instruction) 


: STA JOIFF Assembles instruction into next 

available memory location. (Note 
<;narp between "!" and instruction) 


(TURN-OFF) 


! (Reset Button) Exits mini-assembler and returns 

to system monitor. 


Monitor Program Execution and Debugging 


adrsG 


*3Q(QfG Runs machine level program starting 

at memory (adrs). 


adrsT 


*8ofG(T Traces a program starting at memory 

location (adrs) and continues trace 
until hitting a breakpoint. Break 
occurs on instruction 051 (BRK), and 
returns control to system monitor. 
Opens 6502 status registers (see note 1). 


adrsS 


★CascJS Single steps through program beginning 

at memory location (adrs). Type a 
letter S for each additional step 
that you want displayed. Opens 6502 
status registers (see Note 1). 


(Control E) 


*cC Displays 6502 status registers and 

opens them for modification (see Note 1}. 


(Control Y) 


★yC Executes user specified machine 

language subroutine starting at 
memory location (3F8). 


Note 1: 

6502 status registers are open if they are last line displayed on screen. 
To change them type ":" then "data" for each register. 


Example: A = 3C X = FF Y = 00 P = 32 S = F2 
txampie. o Changes A register only 

*;fF 00 33 Changes A, X. and Y registers 


To change S register, you must first retype data for A. X, Y and P. 


Hexi decimal Arithmetic 

dataHdataZ *78+34 Performs hexidecimal sum of datal 

plus oata^. 


datal -data2 


*;^E.34 Performs hexidecimal difference of 

datal minus data2. 
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Command Format Example Description 
Set Input/Output Ports 

(X) (Control P) *5P^ Sets printer output to I/O slot 

number (X). (see Note 2 below) 

(X) (Control K) *2K^ Sets keyboard input to I/O slot 

number (X). (see Note 2 below) 



Note 2: 

Only slots 1 through 7 are addressable in this mode. Address (Ex: 0pC 
or QK^) resets ports to internal video display and keyboard. These commands 
will not work unless Apple II interfaces are plugged into specificed I/O 
slot. 



Multiple Commands 



*1(?(?L 4{?(?G AFFT Multiple monitor commands may be 

given on same line if separated by 
a "space". 

*LLLL Single letter commands may be 

repeated without spaces. 



St 
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SPECIAL CONTROL AND EDITING CHARACTERS 


"Control" characters are indicated by a super-scripted "C" such as G . They 
are obtained by holding down the CTRL key while typing the specified letter. 
Control characters are NOT displayed on the TV screen. B and C must be 
followed by a carriage return. Screen editing characters are indicated by a 
«:iih-«:rript.Pd "F" such as Dr. They are obtained bv Dressing and releasing the 
ESC key then typing specified letter. Edit characters send information only 
to display screen and does not send data to memory, ror example, u- moves tu 
cursor to right and copies text while Ae moves cursor to right but does not 
copy text. 


CHARACTER 


DESCRIPTION OF ACTION 


Rebel Key 


Tmmpfliatplv interruDts anv Drooram execution and resets 
computer. Also sets all text mode with scrolling window 
at maximum Control is transfered to System Monitor and 
Apple prompts with a "*" (asterisk) and a bell. Hitting 
RESET key does NOT destroy existing BASIC or machine 
language program. 


Control B 


If in Svstem Monitor fas indicated by a "*"), a control 
B and a carriage return will transfer control to BASIC, 
«;rrat.r.hina fkillino') any existinq BASIC program and set 
HIMEM: to maximum installed user memory and LOMEM: 
to 2048. 


Control C 


Tf in BASIC halts oroaram and displays line number 
where stop occurred*. Program may be continued with a 
CON command. If in System Monitor, (as indicated by "*"), 
control C and a carraige return will enter BASIC without 
killing current program. 


Control G 


Sounds bell (beeps speaker) 


Control H 


Backspaces cursor and deletes any overwritten characters 
from computer but not from screen. Apply supplied 
keyboards have special key "'^" on right side of keyboard 
that provides this functions without using control button. 


Control J 


Issues line feed only 


Control V 


compliment to H^. Forward spaces cursor and copies over 

■•■v-s 'f+An rhav<:ir>-i-oy<c Annlo lfpvhnard<: hdve "'^" key on 
written cnaracters. Mjjpie n.cjfuuaiu3 nave 

right side which also performs this function. 


Control X 


Immediately deletes current line. 

* If BASIC program is expecting keyboard input, you will have 
to hit carriage return key after typing control C. 

72 

"DTCA2DOC-469-072.PICT" 345 KB 2001-06-26 dpi: 600h x 600v pix: 2885h x 4002v 


^ Source: David T Craig 


1 Page 0076 Of 0156 ^ 



Apple 2 Computer Information • Document 469 • Apple 2 Reference Manual (Jan. 1978) 




SPECIAL CONTROL AND EDITING CHARACTERS 




(continued) 


CHARACTER 


DESCRIPTION OF ACTION 




Move cursor to right 


h 


Move cursor to left 


h 


Move cursor doWn 


h 


Move cursor up 


h 


Clear text from cursor to end of line 


h 


Clear text from cursor to end of page 


h 


Home cursor to top of page, clear text to end 




of page. 
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Special Controls and Features 




Hex 


BASIC Example 


Description 


Display Mode Controls 




C05O 
C051 
Cj352 
C053 
C054 

C055 
C056 
C057 


10 
20 
30 
40 
50 

60 
70 
80 


POKE -16304,0 
POKE -16303,0 
POKE -16302,0 
POKE -16301.0 
POKE -16300,0 

POKE -16299.0 
POKE -16298,0 
POKE -16297,0 


Set color graphics mode 

Set text mode 

Clear mixed graphics 

Set mixed graphics (4 lines text) 

Clear display Page 2 (BASIC commands 

use Page i oniy; 
Set display to Page 2 (alternate) 
Clear HIRES graphics mode 
Set HIRES graphics mode 


TEXT Mode Controls 




0020 


90 POKE 32, LI 


Set left side of scrolling window 
to location specified by LI in 
range of to 39. 


0021 


100 


POKE 33 .Wl 


Set window width to amount specified 
byWl. L1+W1<40. W1>0 


0022 


110 


POKE 34. Tl 


Set window too to line specified 
by Tl in range of to 23 


0023 


120 


POKE 35, Bl 


Set window bottom to line specified 
by Bl in the range of to 23. B1>T1 


0024 


130 
140 
150 


CH=PEEK(36) 
POKE 36. CH 
TAB(CH+1) 


Read/set cusor horizontal position 
in the range of to 39. If using 
TAB, you must add "1" to cusor position 
read value; Ex. 140 and 150 perform 
identical function. 


0025 


160 
170 
180 


CV=PEEK(37) 
POKE 37, CV 
VTAB(CV+1) 


Similar to above. Read/set cusor 
vertical position in the range to 
23. 


0032 


190 
200 


POKE 50,127 
POKE 50,255 


Set' inverse flag if 127 (Ex. 190) 
Set normal flag if 255(Ex. 200) 


FC58 


210 


CALL -936 


(@£) Home cusor, clear screen 


FC42 


220 


CALL -958 


(Fe) Clear from cusor to end of page 
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Hex 


BASIC Examole 


np^rri ntinn 


FC9C 


230 CALL -868 


(Ef) Clear from cusor to end of line 


FC66 


240 CALL -922 


(J^) Line feed 


FC70 


250 CALL -912 


Scroll up text one line 


Miscellaneous 




cm 


360 X=PEEK(-16336) 
365 POKE -16336.0 


Toaole soeaker 


C000 


370 X=PEEK(-16384 


Read keyboard; if X>127 then key was 
pressed. 


C010 


380 POKE -16368,0 


PImp keyboard strobe - alwavs after 
reading keyboard. 


C061 


390 X=PEEK(16287) 


Read PDL(0) push button switch. If 
X>127 then switch is "on". 


C062 


400 X=PEEK(-16286) 


Read PDL(l) push button switch. 


C063 


410 X=PEEK(-16285 


Read PDL{2) push button switch. 


C058 


420 POKE -16296.0 


Clear Game I/O AN0 output 


C059 


430 POKE -16295,0 


Set Game I/O AN0 output 


C05A 


440 POKE -16294,0 


Clear Game I/O ANl output 


C05B 


450 POKE -16293,0 


Set Game I/O ANl output 


C05C 


460 POKE -16292.0 


Clear Game I/O AN2 output 


C05D 


470 POKE -16291,0 


Set Game I/O AN2 output 


C05E 


480 POKE -16290,0 


Clear Game I/O AN3 output 


C05F 


490 POKE -16289-,0 


Set Game I/O AN3 output 

75 

"DTCA2DOC-469-075.PICT" 297 KB 2001-06-26 dpi: 800h x 800v pix: 3396h x 501 7v 


^ Source: David T Craig 


1 Page 0079 Of 0156 ^ 



Apple 2 Computer Information • Document 469 • Apple 2 Reference Manual (Jan. 1978) 



APPLE II 
SYSTEM MONITOR 



COPYRIGHT 1977 BY 
APPLE COMPUTEP, INC. 

ALL RIGHTS RESERVED 

S. WOZNIAK 
A. BAUM 

************************** 





TITLE 








?» U U 








WNDLFT 


EPZ 


tort 
9 / u 


yvnyiTLJ i n 


PP7 


S21 




EPZ 


$22 


V/NDBTM 


EPZ 


ell 




£ PZ 


524 


^ V 


a 


$25 


GBASL 


EPZ 












EPZ 


S28 


BASH 


EPZ 




OnO ^ u 




$2A 


BAS2H 


EPZ 


$2B 




br t 






EPZ 


$2C 


RTNL 


EPZ 


S2C 


V2 


EPZ 


$2P 


RHNEM 


EPZ 


$2D 


RTNH 


EPZ 


$2D 


MASK 


EPZ 


$2P 


CHKSUM 


EPZ 


S2E 


FORMAT 


EPZ 


$2E 


LASTIN 


EPZ 


$2F 


LENGTH 


EPZ 


S2F 


SIGN 


EPZ 


$2F 


COLOR 


EPZ 


$30 


MODE 


EPZ 


531 


INVFLG 


EPZ 


$32 


PROMPT 


EPZ 


S33 


YSAV 


EPZ 


$34 


YSAVl 


EPZ 


$35 


CSWL 


EPZ 


$36 
S37 


CSWH 


EPZ 


K5WL 


EPZ 


$38 


KSWH 


EPZ 


$39 


PCL 


EPZ 


$3A 


PCH 


EPZ 


$3E 


XQT 


EPZ 


$30 


AIL 


EP?. 


S3C 


AlH 


EPZ 


$3D 


A2L 


EPZ 


S3E 


A2H 


EPZ 


$3P 


A3L 


EPZ 


$40 


A3H 


EPZ 


$4] 


A4L 


EPZ 


$42 


A4H 


EPZ 


$43 


A5L 


EPZ 


$44 


ASH 


EPS 


S45 



* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
* 
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ACC 


EPZ $45 










EPZ $46 








fg 


tj r a ? / 








STATU S 


Lit it .7^0 








SPNT 


RPZ S4 9 








R M D L 










PNDH 


E. P Z S 4 F 








ACL 


EPZ S50 








ACH 


F P ? 5 1 








X r L^DL 


EPZ S52 








XT ' I DM 


f,9Z $53 








AUX t* 


P D7 -iC, A 








AUX H 


C f 1^ >3 ^ 








PICK 


EPZ $95 










p{\i\ c {< 7 Pi n 

C 1 jU 9 u i U u 








u J o L/ n 












EOO >0 3FB 










t\)u 5u jp r. 








lOADR 


(T A 1 1 tc r Tin 










EQU SCOOO 








V o r* c Ti u D 


b vU C ] 








rn ■ r>c» irr* 

X A Fr. JUU 


EOO $C020 








SPKR 


ECU SC03fl 








• n v>r/^r tj 
Jl A IL LK 


SOU SCO 50 








n ' V o 


LkjU SCOdI 








MIXCLR 


ECU $C052 




























HISCR 


EQU SCO 55 










1 1 ,»U o L U 3 O 








HIRES 










TAPEIN 


EQU $C060 








PAD0I..0 










PTRIG 


CtKr V yv. u » u 








BASIC 


FQU $K000 








BASIC 2 


r.C?U 5E00J 












POM START ADDRESS 




F800: 4 A PLOT 


LSR A 


Y-COOPD/2 




FBOl 


: 08 


PHP 


SAVE LSB IN CARRY 




P802 


: 20 47 P6 


Jon bcAbLAijV, 


CALC BASE ADR IN GBASL, H 




F80S 


: 28 


PLP 


RESTORE LSB FROM CARRY 




F806: A9 OF 


LDA #?0F 


MASK SOP IF EVEN 




FB08 


: 90 02 


BCC RTKASK 






F80A: 69 EG 


ADC #$E0 


MASK $F0 IF ODD 




F80C 


: 85 2E RTMAS\ 


3TA JIASK 






F80E 


: 81 26 PLOTl 


LDA (GBASL) , 


I DATA 




F810 


: 45 30 


EOR COLOR 


XOR COLOP 




P812 


: 25 2B 


AND MASK 


ANO MASK 




F814 


: 51 26 


EOR (G!»A.SL),Y XOR DATA 




F816 


: 91 26 


STA (GBASL) , 


Y TO DATA 




F818 


: 60 


RTS 






F819 


: 20 00 F8 HLIME 


JSR PLOT 


PLOT SOUAKE 




FBIC 


t C4 20 HLINEl 


CPY H2 


DONE? 




F81E 


! BO 11 


BCS RTSl 


YES, RETURN 




P820 


: ca 


INY 


WO, IMCR INDEX (X-COOFD) 




P821 


: 20 OE F6 


JSR PLOTl, 


PLOT NEXT SOUARE 




P824S 90 F6 


BCC HLIHEl 


AHWYS TAKEN 




F826 


: 69 01 VLIME2 


ADC >$01 


NEXT Y-COORD 




F828 


s 48 VLINE 


PHA 


SAVE ON STACK 




F829 


: 20 UO F8 


JSR PLOT 


PLOT SOOARE 




F82C 


68 


PLA 






F82DI C5 2D 


C«P V2 


DOME? 




F82PS 90 F5 


BCC VLINEZ 


NO, LOOP, 




P831 


60 RTSl 


RTS 






P832 


AO 2F CLRSCS 


LPy (IS2F 


MAX y, FULL SCRN CLR 




F834 


DO 02 


PME CLRSC2 


ALWAYS TAKEN 




F836' 


AO 27 CLRTOP 


LDY «$27 


«:AX Y, TOP SCRN CLR 




F838 


84 2D CI.PSC2 


STY V2 


STORE AS i^0TT0^4 COORD 






* 


FOR VLINE CALLS 




P83A 


AO 27 


LDV ji$?7 


RIGHTMOST X-COORD (COLUMN) 




F83C. 


A9 00 CLRSC3 


LDA »S0 


TOP COOP.::) FOR VLINE CALLS 




F83F.i 


85 30 


STA COLOU 


CIEAW. COLOP (BLACK) 




F840: 


20 28 F8 


JSP VLINt 


PRAiv VLI^JE 




P843: 


88 


DEY 


NEXT LEFTMOST X-COOPD 




F844: 


10 F6 


rtPL CLR?C3 


LOOP UNTIL DONE. 




F846: 


60 


RTS 






F847! 


48 GBASCALC 


PHA 


FOR HJPUT nOOOEFGH 




P848: 


4A 


r.s" A 






Fa49: 


29 03 


AND *^(i3 






P84B: 


09 04 


OPA «504 


Gf ie^ArE Gr3AS(i=OnC001FG 




P84D: 


85 27 


PTA GHASri 






P84F: 


68 


PLA 


AMD G?'.ASL»HOEDF0O0 




F850r 


29 18 


ANIl »$18 






FB52: 


90 02 


5CC G3CALC 






F854: 


69 7F 


ADC (|$7F 






P856: 


85 26 GBCALC 


STA Gf>ASL 










77 










"DTCA2DOC-469-077.PICT" 353 KB 2001-06-26 dpi: 800h x 800v pix: 2487h x 5401 v 




Source: David T Craig 






1 Page 0081 of 0156 ^ 





Apple 2 Computer Information • Document 469 


• Annip ? Rpfprpnpp Mpinii^l ^.lan 1Q7R^ 

r^YJyji^ ^ 1 idddioc iviciiiLicii ^ociii. loiKJf 




F858 


: OA 










F859 


: OA 


ASt« 








F85A: 05 26 


ORA 


GHAPL 






F85C 


: 8b 26 


f? YA 


CPAS L 






F85E: 60 


PTS 








F85F 


: A5 30 NX1C0L 


IiDA 


CO L-OR 


IfJCPtM'.HJNT COLOR SY 3 




F861 


: 13 










F862 


: 69 03 


ADC 


j( CO 3 






F8C4 


: 29 OF SfiTCOL 


AN C 


PO p 


SET'S COLOR"! i*A MOO 16 




F866: 85 3G 










F868: OA 










F869 


: OA 


ASL 


A 






F86A 


: OA 


ASL 


A 






F86B 


: OA 


ASti 


A 






F86C 


: 05 30 


OPA 


cor OR 






F86E: 85 30 


STA 


COLOR 






F870S 60 


PTS 








FBTl 


: 4A SCFN 


LSR 


ft 


READ SCPEEH Y-COOPD/2 




F872 


: 08 


PH P 




SAVE LSS (CAPRY) 




F873 


I 20 47 FH 


iJSK 


RBASCALC 


CALC RASR AOORESS 




F876 


: Bl 26 


LDA 


(GE\3L) ,Y GE'V PYTE 




P878 


: 28 


PLP 




rJESTORE LSF FROM CARRY 




F879 


: 90 04 SCH*>J2 


BCC 


KTf-iSKZ 


IF EVEN, OSit LO H 




F67DI 4A 


LS R 


A 






F87C 


: 4A 


r Q p 


A 


SHIFT HIGM -lALF riYTE DOWN 




F87D: 4A 


LSU 


A 




F87E: 4A 




A 


MASK 4-Pirs 




F87FI 29 OF HWSKZ 


Ai^D 


l>SOF 




F881 


: 60 


RTS 








F882: A-j 3A IHSOSl 


LDX 


PCL 


pRiMT pcr.,i: 




F884 


; A4 3B 


LDY 


PC^-' 






F88e 


: 20 96 FD 


7C D 

J DP 


PBYX2 






FB89J 20 48 F9 


JSR 


PK-'.L'iK 


FOLLOWED A RLAN'K 




F6ec 


: Al 3A 


LCA 


(PCt.,X) 


GET OP conn 




f88E; 


! A8 IN3r/S2 


T^y 








F88F 


I 4A 




A 






F89lj 


; 90 09 




IF. VPN 






Fe92 


: 6^ 


ROP 


A 


BIT 1 I'll ST 




F8&3 


: i?0 10 






XXXXXXll IWV^LID OP 




F895 


: C9 \2 




t- P » 2 






F897 


: Fti OC 


y 1*1 n 








f899 


: 29 87 


AN D 


i'St;7 


lASK PITS 




F893: 4 A IfVt'U 




A 


LrjH 1 ■ *' 1 LAKpY rUr l.-/ 1 




F69C 


! AA 


TA Y 
lt\\ 








P89D! BO 62 F9 


LDA 


FHTl ,X 


CET FOR''AT INOf:X 9YTE 




F8A0 


: 20 79 Ffe 


TS 


3CR''I2 


P/h H-r^YTe ON' CARRY 




FaA3: DO 04 










P8A5: AO 80 ERP 


L'ul 




c;(jf><;.ri'f(jrir $K0 FOR INVALID OPS 




F8A7 


: A9 00 


LDA 


ISO 


3FT PRINT FCRYAT INDEX TO 




F8A9! AA GETFMT 


T^X 








F8AA 


! BD A6 P9 


L(J A 


f;-it2,x 


TNOr.X IMTO PRINT FORMAT TABLE 




fSAD: 8b 2E 


STA 


FOP««A'r 


SAVE FOR AOR FIELD FORMATTING 




FSAF: 29 03 


AND 


f-?03 


MASK FOB 2-BIT LENGTH 






* 




(P»l RYTP, 


1-2 BYTE, 2-3 3YTE) 




F8B1 


! 85 2F 


STA 


LmMGTH 






F8B3 


. 9 8 


TYA 




OPCODE 




P834 


. 29 8F 


AND 


*5HF 


MASK FOP IXXXlOlO TEST 




F8B6 


AA 


Ta Y 

1 n A 




SAVF IT 




P837 


98 


tYA 




OPCODE TO A AGAIN 




FSBB 


AO 03 


LDY 


«$03 






F8BA 


BO 8A 


CPX 


iS8A 






F8BC 


FO OB 


3E0 


MNN0X3 






F88E 


4A «NNDX1 


LSR 


A 


FORM INDEX INTO MNEMONIC TABLE 




F8BF 


90 08 


BCC 


MNtn')X3 




F8C1: 4A 


LSR 


A 






F8C2i 4A MNNDX2 


LSP 


A 


1) 1XXX1010->00101XXX 




F8C3! 


09 20 


ORA 


♦ 520 


2) XXXYYY01->00111XXX 




F8C5; 


88 


DGY 




3) XXXyYYlO»>00110XXX 




F8C6: 


DO FA 


BNE 


MNNDX2 


4) XXXYY100->00100XXX 




F8C8: 


C8 


I NY 




5) XXXXX000»>000XXXXX 




F8C9: 


88 MNN0X3 


UL X 








F8CA: 


DO F2 


BNE 


MNNDXl 






F8CC: 


60 


RTS 








F8CDJ 


FF FF FF 


DPS 


$pf,$ff,$ff 




F8D0: 


20 82 F8 INSTDSP 


JSR 


INSDSl 


GEN FMT, LEN BYTES 




F8D3! 


48 


PHA 




SAVE MNEMONIC TABLE INDEX 




P8D4: 


Bl 3A PRNTOP 


LDA 


(PCL) ,Y 






F8D6: 


20 DA FD 


JSR 


PRBYTP 






FBD9t 


A2 01 


LDX 


l$01 


PPINT 2 BLANKS 




F8DB: 


20 4A F9 PRNTDL 


JSR 


PRBL2 






F8DB: 


C4 2F 


CPY 


LENGTH 


PRINT INST (1-3 BYTES) 




F8E0: 


ca 


INY 




IN A 12 CHR FIELD 




F8E1: 


90 PI 


BCC 


PRNTOP 






F8E3: 


A2 03 


LDX 


#$03 


CHAR COUNT FOR MNEMONIC PRINT 




P8E5: 


CO 04 


CPY 


»$04 
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F8E7i 90 F2 


BCC 


lrts.n ItSU 






F8E9 


: 68 


PLA 




RECOVER MNEMONIC INDEX 




FSEA 


: A8 


TAY 








F8BB 


: B9 CO F9 


LDA 


MMPMT V 

^1 n Ci r] u f X 






F8EE 


! 85 2C 


o i A 


LMNEM 


FETCH 3-CHAP MNEMONIC 




F8F0 


: B9 00 FA 


LDA 




(PACKED IN 2-ByTES) 




F8F3: 85 2D 


STA 








F8F5 


: A9 00 PRMNl 


LDA 


#$00 






F8P7 


: AO 05 


LDy 


#$05 






F8F9 


: 06 2D PRMN2 


ASL 




SHIFT 5 BITS OF 




F8FB 


: 26 2C 


ROL 


LMNEM 


CHARACTER INTO A 




F8FD 


: 2A 


ROL 


A 


(CLEARS CARRY) 




F8FE 


: 88 


DEY 








F8FF 


: DO F8 


BNE 


PPMN2 






F901 


: 69 BF 




A c n D 


ADD "?" OFFSET 




F903t 20 ED FD 


JSR 


^^UU J- 


OUTPUT A CHAR OF MNEM 




F906: CA 


DEX 








F907» DO EC 


BNE 


PRI^N 1 






F909 


: 20 48 F9 


JSR 


pt3DT 10 IT 


OUTPUT 3 BLANKS 




F90C 


: A4 2P 


LDY 


r i?kir"Pii 
LbNfj In 






F90E 


: A2 06 


LDX 


▼ 9 u 


CNT FOR 6 FORMAT BITS 




F910 


: BO 03 PRADRl 


CPX 


f 9 M J 






F912 


! FO IC 


BEQ 


PRADR5 


IF X=3 THEN ADDR. 




P914 


: 06 2E PRADR2 


acT 
nsb 


cUK MA 1 






F916 


: 90 OE 




irnnUK J 






F918: BD 83 F9 


Li D A 


CHARl-1 


,x 




F91B: 20 ED FO 


JSR 


COUT 






F91E: BD B9 F9 


LDA 




-X 




F921: FO 03 


BEQ 


PKADR J 






F923 


: 20 ED FD 


JSR 


COUT 






F926: CA PRADR3 


DEX 








F927: DO E7 


BNE 








F929: 60 


RTS 








F92A 


: 88 PRADR4 


DEY 








F92B: 30 E7 


RM T 


fKnUn A 








m n A p n 
4 u urt r u 


TCt' 
J DtV 


oo ft V'TlI^■ 






r 3 u 


nj 4G rhAL*Kj 


LDA 


CAD M& W 






Oft n o « 


C9 B& 


CMP 


#SE8 


HANDLE REL ADR MODE 




F934 ! 


Bl 3A 


LDA 


(PCL) , Y 


SPECIAL (PRINT TARGET, 




r 3 J 


90 F2 


BCC 




NOT OFFSET) 




F938i 


20 56 F9 RELADR 


JSR 


PCADJ 3 






F93B ; 


AA 


TAX 




PCL,PCH+0FFSET+1 TO A,y 




F93C: 


E8 


INX 








P93D: 


DO 01 


BNE 


PPNTYX 


+1 TO Y,X 




F93F: 


C8 


I NY 








F940: 


98 PRNTYX 


TY A 








F941: 


20 DA FD PRNTAX 


JSP 


PP13YTE 


OUTPUT TARGET ADR 




F944: 


8A PRNTX 


TXA 




OF BPAMCH AND RETURN 




F945: 


40 DA FD 


Jrir 


DDQ VTP 






F948: 


A2 03 PPBLMK 


LDX 


#$03 


BLANK COUNT 




F94A: 


A9 AO PRBL2 


LDA 


M c & n 


LOAD A SPACE 




F94C: 


20 ED FD PRBL3 


JSR 


COUT 


Ol TPUT A BLANK 




F94F: 


CA 


DEX 








F950: 


DO F8 


oN Ci 


PRBL2 


LOOP UNTIL COUNT-0 




F952: 


60 


RTS 








F953! 


38 PCADJ 


SEC 




= li-aYTE , 1-2-BYTE , 




F954: 


A5 2F PCADJ2 


LDA 


lit N bin 


2=3-BYTE 




F956! 


A4 3B PCADJ3 


LDY 


PCH 






F958: 


AA 


TAX 




TEST DISPLACEMENT SIGN 




F959! 


10 01 


BPL 


PCADJ 4 


(FOR REL BRANCH) 




F95B! 


86 


DEY 




EXTEND NEG BY DECR PCH 




F95C: 


65 3A PCADJ 4 


ADC 


PCL 






F95E! 


90 01 


BCC 


RTS 2 


PCL+LENGTH (OR DISPL)+1 TO A 




F960: 


C8 


INY 




CARRY INTO Y (PCH) 




F961: 


60 RTS2 


RTS 










* 


FMTl BYTES: 


XXXXXXYO INSTRS 






* 


IF 


Y«0 


THEN LEFT HALF BYTE 






* 


IF 


Y=l 


THEN BIGHT HALF BYTE 






* 






(X^INDEX) 




F962: 


04 20 54 










F965: 


30 OD FMTl 


DFB 


504, S20, 


$54,S30,$0D 




P967! 


80 04 90 








F96A: 


03 22 


DFB 


$80, $04, 


$90,S03,$22 




F96C: 


54 33 OD 










F96F: 


80 04 


DFB 


$S4,$33,$OD,$80,$04 




F971: 


90 04 20 










F974: 


54 33 


DFB 


S90,$04,$20,$54,$33 




F976: 


OD 80 04 










F979: 


90 04 


DFB 


$OD,$8O,$'i4,$90,$O4 




F97B: 


20 54 3B 










F97E! 


OD 80 


DFB 


$20,$54,$3B,$0D,$80 




F980: 


04 90 00 










F9B3: 


22 44 


DFB 


$04, $90, SOD, $22, $44 




F985: 


33 OD CB 










F9B8! 


44 00 


DFB 


$33,$0D,$ce,$44,$00 
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t 70A : 


11 9? 44 






$11,822, $44, $33, SOD 




F98D: 


33 OD 




DPB 




F98F : 


C8 44 A9 










F992 s 


nl 99 




DFB 


Srn ^4 4 . SA9 . SOI . S2 2 




F994 : 


44 33 ' OD 










F997 ! 






DPS 


^AA Snn SAO S04 




P999: 


90 01 22 






CQft cm <05 <AA 




P99C t 


44 SS 




DFB 




F99E: 


An DA (\ A 

OD ou U4 










P9A1: 


90 




DPB 






F9A2 s 


26 31 87 










F9A5 ! 


A 




DFB 


$26 $31,SP7,$9A Z2XXXY01 INSTR'S 




F9A6: 


00 


FMT2 


DFB 








^x 




DPB 


kyt TMM 






81 




DFB 


$61 Z-PAGG 




P9A9 : 


62 




DPP 


9O4L Ado 




F9AA { 


00 




DFB 


$00 IMPLIED 




F9AB i 


00 




DFB 


$00 ACCUMULATOR 




F9AC 1 


59 




DPB 






F9ADt 






DPB 


^An f7PAni Y 




F9AE : 


01 




DFB 


9 7 X u * 0^3 f A 




P9AF: 


92 




DFB 


Co*) & QC V 
^ ^ Z So r A 




n A D A . 


Q £ 
DC 




DFB 


CA£ ARC V 
9 ADO f X 




F9B1 > 






npa 






F9B2: 


85 




DPB 


$8 5 ZPAG,i 




F9B3 : 


9D 




DFB 


S9D RELATIVE 




F9B4 : 


AC A9 AC 












A3 AS A4 
















ASC 


%),#($'• 




P (IRA • 


no nn ns 










F9BD: 


A4 A* Uu 


CH Ak2 


DFB 


$D9,$00,$D8,$A4,SA4,$00 








*CHAR2 : 




0,"X$$",0 








* 


MNEML IS OP FORM: 










(A) 


xxxxxooo 










(B) 


vwwi nn 








* 


(C) 


IXXXlOlO 










(D) 


xxxyyyio 










(E) 


xxxyyyoi 












(X-I»)DEX) 




F9C0: 


IC 8A IC 






^ t r* ^ajk CIO ccr> CQQ 




F9C3 : 


01 cn Jin 

3U OO 


MN EM L 


DPB 




r 7Ld t 


In k 1 On 

XD Al 7U 










P9C9 : 


oA lU /J 




DFB 


S1B,SA1,$9D,S8A,$1D,S23 




F 9CC I 


Qrt An in 

7 Lf OD Xv 










P9CP s 


Al 00 29 




DFB 


$9D,$eB,SlD,$Al,$00,$29 




F9D2 s 


^ Q & P £0 

ly AO t>^f 










pQr\c • 


A8 19 23 




DFB 


$19,SAE,$69,$A8,S19,$23 




r yuo i 


oj E'l In 

J J AD 










F90B : 


23 24 53 




DFB 


S24,$53,$1B,$23,$24,$53 




F9DE : 


1 O & 1 
l7 Al 




OFB 


$19,$A1 (A) FORMAT ABOVE 




F9£0 • 


nn 1A SB 










POP*) f 


5B A5 69 




DFB 


$00,$lA,$5e,$5B,SA5,S69 




F9E6 * 


24 24 




DFB 


$24, $24 (B) FORMAT 




F9E8 1 


AE AC A8 












AD 29 00 




DFB 


$'VE,$AE,$A8,SAD,S29,S00 




F9EB : 


7C 00 




DFB 


S7C,$00 (C) FORMAT 




F9F0: 


15 9C 6D 










PQ P ^ • 


9C AS 69 




DFB 


$15,S9C,$6D,S9C,$A5,$69 




PQP£ « 


OQ 1 




DFB 


$29, $53 (D) FORMAT 




O A 19 O ■ 


04 JLJ J4 










rvrB: 


11 A5 69 




DFB 


$84, $13, $34, $11, $A5, $69 




PQPP • 


"J & n 

Z J AU 




DFB 


$23,$A0 (E) FORMAT 




PAOO : 


D8 62 5A 










FA03 : 


AO 'in CO 

4b Zo 0/ 




DPB 


$R8,$62,$5A,$48,$26,$62 




PA06 : 


94 88 54 










FA09t 


44 C8 54 




DFP 


$94,S88,$54,$44,$C8,$54 




PAOC • 


A A PR 
00 44 CiO 










PAOP s 


94 00 B4 




DPS 


$68,S44,$EB,$94,$00,$B4 




FA12 : 


08 84 74 










FA15 : 


B4 28 6E 




DPB 


$08,$84,$74,$B4,$28,$6E 




FA18 : 


74 F4 CC 






S74,$P4,$CC,$4A,$72,$F2 




PA In* 


70 po 

4n r Z 




DPB 




FAIE: 


A4 8A 




DPB 


$A4,$8A (A) FORMAT 




FA20 : 


00 AA A2 






$00,$AA,SA2,$A2,$74,$74 




FA23 ; 


Az / 4 /4 




DFB 




FA26: 


74 72 




DPB 


$74, $72 (B) FORMAT 




PA28 : 


44 68 B2 






$4 4 ,S68 ,$B2,$32,$B2,S00 




FA2B: 


32 B2 00 




DFB 




FA2E: 


22 00 




DFB 


52 2,500 (C) FORMAT 




PA30: 


lA lA 26 






S1A,$1A,5?6,$26,$72,$72 




PA33 : 


26 72 72 




DFB 




PA36: 


88 C8 




DFB 


$8B,SCb (D) FORMAT 




PA38: 


C4 CA 26 










FA3B: 


48 44 44 




DPB 


SC4,$CA,526,S4e,$44,$44 




FA3E: 


A2 C8 




DFB 


SA2,$C8 (E) FORMAT 
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PA4n« VV PIT PP 




SFF,$FF,$FF 




vAA'i* 7n nn vft q'ppp 

T ntJt £\J UU f^lCilr 


JS R 


INSTDSP 


DISASSEMBLE ONE INST 




PA46: 68 


PLA 




AT {PCL,H) 




p&d7« ft'\ 9r 


STA 


RTML 


ADJUST TO USER 






PLA 




STftCK. SAVE 




ii k « o c o rv 
rA4AS oD 


STA 


PTNH 


RTN ADR. 




PAir* A? 08 


LDX 


IS08 






PAdP- RD 10 Pfl XOINIT 


LDA 


INiTSL- 


I ,X INIT XEO AREA 




r ADJ. S 7 3 


t» X M 


XOT,X 






FAS 3 J CA 


DEX 








PAS4* no P8 

r n ^ 1 • WSJ r o 


BNE 


XOINIT 






FA56: Al 3A 


LOA 


(PCL,X) 


USER OPCODE BYTE 






BEQ 


XBRK 


SPECIAL IF BREAK 




rAsnS Ah *r 


LDY 


LENGTH 


LGN FPOI DISASSEMBLY 




FA5C; C9 20 


CMP 


f $20 






C Ik C P ■ DA c d 

rASb: rU 


P t# V 


XJSP 


HANDLE JSR, PTS, JMP, 






PM D 


♦ 560 


JMP ( ) , RTI SPECIAL 




FA62: FO 45 


BEQ 


XRTS 






rA04: 1.9 Hi. 


CMP 


<I$4C 






r no D • r u 




XJ''P 








CMP 


*S6C 






FA6A: PO 59 


BEQ 


XJMPAT 






FA6Cj C9 40 


CMP 


#S40 








3E0 


XRTI 






FA70! 29 IF 


AND 


»$1F 






FA72; 49 14 


EOR 


«S14 






PA7d' PQ n4 


CMP 


#504 


COPY USER INST TO XEO AREA 




rA/oi FU U£ 


BGQ 


XQ2 


WITH TRAILING NOPS 




rA/oS pi JA Awl 


LDA 


(PCL) ,Y 


CHANGE REL BRANCH 




FA7AI 99 3C 00 XQ2 


STA 


XOTNZ,y 


DISP TO 4 FOR 




IP & 1 n a DO 


DEY 




JMP TO BRANCH OR 




Pft*7IV> 1A DO 


BPL 


XQl 


NBRANCH FROM XEQ. 




FASO: 20 3P PF 


JSR 


RESTORE 


RESTORE USER REG CONTENTS. 




rAoJS 4C JC UU 


JMP 


XQTNZ 


XBQ USER OP FROM RAM 




rAQOS oD 4D InW 


STA 


ACC 


(RETURN TO NBRANCH) 




FA88{ 68 


PLA 








PAflO* Aft 


ran 




**IRQ HANDLER 




PAAA* OA 


ASL 


A 






Ph O D k A A 

rAooS UA 


ASL 


A 






PAAri OA 


ASL 


A 






FA8DS 30 03 


BMI 


BREAK 


TEST FOR BREAK 




PAAP* t^f* pp n*) 


TM D 


(IROLOC) 


USER ROUTINE VECTOR IN RAM 




PA92 • 2fi [)RPAIf 


PLP 






PA 93: 20 4C FF 


JSR 


SAVl 


SAVE REG'S ON BREAK 




PA OC « HQ 


PLA 




INCLUDING PC 




PAQ7f flS lA 


STA 


PCL 








PLA 








rA7A£ 03 Jo 


STA 


PCH 






PAQr 9 ?0 Pfl YRRIf 


JSR 


IWSDSl 


PRINT USER PC. 




PA9P c 30 DA PA 


JSR 


RGDSPl 


AND REG'S 




D&A')a ilO £C 170 

rAA^: 4v. Ob tv 


JMP 


MON 


GO TO MONITOR 




PAA ^ ! 1 VRTT 


Pr r 








PAAft* fifi 


PLA 




SIMULATE RTI BY EXPECTING 




r AA / t 3 4 o 


STA 


STATUS 


STATUS FROM STACK, THEN RTS 




PAAQ t lifl y DTQ 
r nn j j o o An i 






RTS SIMULATION 




P AAA • fl ^ "^A 


STA 


PCL 


EXTRACT PC FROM STACK 




PAAC : 68 


PLA 




AND UPDATE PC BY 1 (LEN-0) 




PAAn« ftS PPT Nft? 


STA 


PCH 




PAA P«AS2P PPT NP 1 


LDA 


LENGTH 


UPDATE PC BY LEN 




EVADla in CC C>A 

FABi: 2U >b 


JSR 


PCADJ3 






PAR4 • ft J 7R 


Crpv 


PCH 






PAR^ • 1ft 

r ADO * xo 


pf p 








FAB7s 90 14 


BCC 


NEWPCL 






PARQ • 1 ft V TQP 


pr p 

l.Lil. 








PARA - 70 "^A PQ 




PCADJ2 


I'PDATE PC AND PUSH 




p& r\ ■ A A 
r A D U { A A 


TAX 




ONTO STACK FOR 




PARR* QA 


TXA 




JSR SI.^JULATE 




FABF: 48 


PHA 








r A^ U • On 


TV A 








FACl: 48 


PHA 








FAC2: AO 02 


LDY 


#?02 






t>h.t^ A » 1U VIMD 

rAi.4 s 10 Ajrif 


CLC 










LDA 


(PCL) ,y 






PAC7: AA 


TAX 




LOAD PC FOR JMP, 




FAC 8 ; B 8 


DEY 




(JMP) SIMULATE. 




PAC9! Bl 3A 


LDA 


(PCL) ,y 






FACE: 86 3B 


STX 


PCH 








STA 


PCL 






PACFs BO F3 


BCS 


XJMP 






PADll A5 2D RTNJ1P 


LDA 


RTNH 






FAD3: 4 8 


PHA 








FAD4: A5 2C 


LDA 


BTNL 






FAD6: 48 


PHA 








FAD7t 20 8E FD REGDSP 


JSR 


CROUT 


DISPLAY USER REG 




FADAt A9 4 5 HGDSPl 


LDA 


♦ ACC 


CONTENTS WITH 




FADCi 85 40 


STA 


A3L 


LABELS 
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FADEl 


A9 00 






LDA 


♦ACC/256 




FABOt 


85 41 






STA 


A3H 




FAB2t 


A2 FB 






LDX 


#$FB 




FAE4i 


A9 AO 




RDSPl 


LOA 


#$A0 




FABe*. 


20 ED 


FD 




3SR 


COUT 




FAB9t 


BD IE 


FA 




LDA 


RTBL-$FB 




FAEC: 


20 ED 


FD 




JSB 


COUT 




FAEFt 


A9 BD 






LDA 


#SBD 




FAFls 


20 ED 


FD 




JSR 


COOT 




FAF4: 


BS 4A 






LDA 


ACC+5,X 




FAF6: 


20 DA 


FD 




JSR 


PRBYTE 




FAP9i 


E8 






INX 






FAFA: 


30 E8 






BMI 


RDSPl 




FAFCj 


60 






RTS 




BRANCH TAKEN, 


PAFD: 


18 




BRANCH 


CLC 




FAFE! 


AO 01 






LDY 


#$01 


ADD LEN+2 TO PC 


FBOOl 


Bl 3A 






LDA 


(PCL) ,Y 




FB02: 


20 56 


P9 




JSR 


PCADJ3 




PB05: 


85 3A 






STA 


PCL 




FB07t 


98 






TYA 






Ffi08: 


38 






SEC 






FB09t 


BO A2 






BCS 


PCINC2 




FBOB: 


20 4A 


FF 


NBBNCH 


JSR 


SAVE 


NORMAL RETURN AFTER 


PBOB: 


38 






SEC 




XEO USER OF 


FBOF: 


BO 9E 






PCS 


PC1NC3 


GO UPDATE PC 


FBll: 


EA 




INITBL 


NOP 






FB12: 


EA 






NOP 




DUMMY FILL FOR 


FB13: 


4C OB 


FB 




JMP 


NPRNCH 


XEO AREA 


FBie: 


4C FD 


FA 




JHP 


BRANCH 




FB19: 


CI 




RTBL 


DFB 


$C1 




FBIA: 


D8 






DFB 


$D8 




FBlBi 


D9 






DFB 


$09 




FBlCt 


DO 






DFP 


$D0 




FBlD: 


03 






DFB 


$03 


TRIGGER PADDLES 


FBlEx 


AD 70 


CO 


PREAD 


LDA 


PTRIG 


FB21: 


AO 00 






LDY 


»$00 


INIT COUNT 


FB23: 


EA 






NOP 




COMPENSATE FOR 1ST COUNT 


FB24: 


EA 






NOP 




COUNT Y-PEG EVERY 


FB25: 


BD 64 


CO 


PREA02 


LDA 


PADDLO.X 


FB28: 


10 04 






6PL 


RTS 2D 


12 usee 


FB2A: 


ce 






I NY 




EXIT AT 255 MAX 


PB2B: 


DO F8 






BNE 


PREAD2 


FB2D: 


88 






DEY 






FB2ES 


60 




RTS2D 


RTS 






FB2FS 


A9 00 




INIT 


LDA 


#$00 


CLR STATUS FOR DEBUG 


FB31: 


85 48 






STA 


STATUS 


SOFTWARE 


FB33t 


AD 56 


CO 




LOA 


LORES 




FB36: 


AD 54 


CO 




LDA 


LOWSCR 


INIT VIDEO HOPE 


FB39t 


AD 51 


CO 


SETTXT 


LDA 


TXTSET 


SET FOR TEXT MODE 


PB3C: 


A9 00 






LDA 


ISOO 


FULL SCREEN WINDOW 


FB3E: 


FO OB 






8EQ 


SETWND 


SET FOP GRAPHICS »10DE 


PB401 


AO 50 


CO 


SETGR 


LDA 


TXTCLR 


FB43: 


AD 53 


CO 




LDA 


MIXSET 


LOWER 4 LINES AS 


FB46: 


20 36 


pe 




JSR 


CLPTOP 


TEXT WINDOW 


FB49: 


A9 14 






LDA 


#$14 


SET FOP 4 COL WINDOW 


PB4Bi 


85 22 




SETWND 


STA 


WNDTOP 


FB4D: 


A9 00 






LDA 


#$00 


TOP IN A-PEG, 


PB4F: 


85 20 






STA 


WNDLPT 


BTTM AT LINE 24 


FB51: 


A9 28 






LDA 


#$28 




PB53: 


85 21 






STA 


WNDWCTH 




FBSSt A9 18 






LDA 


#S16 


VTAP TO ROW 23 


FB57; 


85 23 






STA 


WNDPTK 


FB59' 


A9 17 






LDA 


IS17 


VTA8S TO ROW IN A-BEG 


PB5Bt 85 25 




TABV 


STA 


CV 


FB5Dt 


4C 22 


PC 




JMP 


VTAR 


ABS VAL OF AC AUX 


FB60: 20 A4 


FB 


MULPW 


JSP 


MDl 


FB63 


AO 10 






LDY 


♦ $10 


INDEX FOR 16 BITS 


F865: A5 50 




MUL2 


LDA 


ACL 


ACX • AUX + XTND 


PB67t 4A 






LSR 


A 


TO AC, XTND 


FB68i 


90 OC 






ecc 


MUL4 


IF NO CARRY, 


FB6Ai 


18 






! CLC 




NO PARTIAL PROD. 


FB6B< 


A2 FE 






■ LDX 


♦ $FE 




FB6D: 


B5 54 




W0L3 


LDA 


XTi)DL+2, 


X ADD MPLCND (AUX) 


FB6F 


75 56 






ADC 


AUXL+2,X 


TO PARTIAL PROD 


FB71 


95 54 






( STA 


XTtJDL+2, 


X (XTND) . 


FB73 


EH 






IHX 






FB74 


DO F7 






F, 




FB76 


A2 03 




MUL4 


LLX 


(t$03 




FE78 


76 




HUL5 


DFB 


l$76 : 




FB79 


50 






DFB 


#$50,.' ' ■ 




Fe7A 


. CA 






DEX 






PB7B 


i 10 FE 






9PL 


M0L5 




FB7D 


88 






DFY 






FB7E! DO E5 






3NE 


MUL2 




.FB80: 60 






KTS 
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PB61 : 


20 A4 rB Ukvk'ln 


tJS R 




AuC IfJlT ni? AC &I1V 
vALi UP ftl-f •MJA. 




FB84 : 


AU lU L>1V 


LDY 


f S 1 


TMf^PV Pf^P 1 In RTTfl 
X t J U I!i C \Jl^ X D mx. Xi^ 




FB86: 


06 50 DIV?. 


ASL 


AC L 






FB88: 


26 51 


ROL 


AC H 






PB8A : 


26 52 


ROL 




/ I vlU/ *\Ufi 




FB8C: 


26 53 


KOL 


A X nlUn 


TO AC • 




FB8E: 


38 


SEC 








FB6F ! 




LDA 


XTNOL 






PB91 : 


E5 54 


S8C 


A U X L 


MOD TO XTND . 




F893 • 


AA 


TAX 








FB94 : 


A5 53 


LDA 


XTMOH 






F39 6 s 




SOC 


AUXi! 








90 06 


BCC 


DIV3 






FB9A : 


86 52 


STX 


XTNDL 










ST A 


XTIDi! 






FB9E : 


E6 50 


INC 


ACL 






cnu K n ■ 


88 0IV3 


OEY 








FB^Vl : 


DO E 3 


BN£ 


DI V2 






FBA3: 


60 


DTQ 
t\ lo 




A£tS VAL Or AC t AUA 




FBA4: 


AO 00 MDl 


LDY 


( $00 




FBA6: 


84 2F 


STY 


SIGN 


WITH KESULT SIGN 




FBA8: 


A2 54 


LDX 


VAU A u 






FBAA: 


20 AF PE 


JSR 


MD2 






FBAD: 


A2 50 


LDX 


#ACL 






FBAFj 


B5 01 MD2 


LDA 


LOC 1 ( X 


X SPECIrlBS At. UK AUX 




FBBli 10 CD 


BPL 


MDRTS 






FBB3t 38 


SEC 








FBB4! 


98 MD3 


TYA 








FBBSi 


F5 00 


SBC 


LOC , X 






FBB7: 


95 00 


STA 


ijUC U r A 


IP NEG* 




FBB9; 


98 


TYA 








FBBA: 


P5 01 


SBC 


LOCI X 






FBBCi 


95 01 


STA 


LOC 1 r X 






FBBEi 


E6 2F 


I 


O luiM 






FBCOi 


60 MDRTS 


PTQ 
t\ iO 








FBCl! 


48 BASCALC 


PHA 




CALC BASE ADR IN BASL,H 




PBC2' 


4A 


LSR 


A 


FOP G I VEN LINE UO • 




PBC3 


29 03 


AND 


W O w J 






FBC5- 


09 04 


ORA 


#?04 


APG^OOOABCDE , GENERATE 




FBC7 


85 29 


STA 


BASH 


BASH '<*UUUU iCU 




FBC9 


68 


PLA 




AMD 




FBCA 


29 18 


AND 




BASL»EABABOOO 




FflCC- 


90 02 




aor r CO 






FBCB 


69 7F 


ADC 


f ? / c 






FBOO 


85 28 9SCLC2 


STA 


BASiL 






FBD2 


OA 


ASL 








FBD3 


OA 


'^SL 








FB04 


05 26 


ORA 








FBD6 


85 28 


STA 


BASL 






FBD8 


. 60 


RTS 








FBD9 


: C9 87 BELLI 


CMP 


41 C ti " 

« 9 o < 


BELL CHA??? (CNTRL-G) 




FBDB 


; DO 12 




RTS 2B 


NO, RFTURJJ 




FBDD 


! A9 40 


LDA 


JIS40 






FBDF 


: 20 A8 FC 


JSP 


'•AIT 






FEE2i AO CO 


LDY 


t SC 6 






FBE4 


I A9 OC BELL2 


LDA 


it $0C 






FBE6 


: 20 Ab PC 


JSR 


(a' a T T' 

nM L 


1 KHZ FOR . 1 SEC • 




FBE9 


; AD 30 CO 


LDft 


SPKR 






PBEC 


: 88 


DEY 








FBED 


: DO F5 


BN E 


P P f T 9 

r u L I-f £ 






FBEF 


: 60 RTS2e 


RTS 








FBPO 


I A4 24 S'i'OAOV 


LDY 


cn 






F8F2 


: 91 28 


STA 


( BASL) , Y 


STOP CHAR LINE 




FBF4 


: E6 24 ADVANCE 


INC 


CH 


I(mCRkMENT LUKbt-W H INLJbA 




FBF6 


: A5 24 


LDA 


Cll 


(MOVE Hi LiM I J 




FBF8 


: C5 21 


CMP 


WNDWDTH 


BEYOND WINDOW WIDTH? 




FBPAt BO 66 


RCS 


CR 


YES .''P TO WFXT LINE 




FBFC 


: 60 R'rS3 


RTS 




i»jA D P'PIIDM 




FBFDs C9 AO VIDOUT 


CMP 


f SAO 






PBFF! BO EF 


BCS 


STOADV 


jci*) nriTPiiT TT 

rt^J f \J\.i i cU 1 A t • 




FCOl 


: A8 


TAY 




TM\/PI?<!P UTHPO? 




PC02 


: 10 EC 


3PL 


3T0A DV 


ibb t UUl rUl -l 1 ■ 




FC04 


: C9 8D 


c^*p 


#$80 


CR? 




FC06 


: FO 5A 




^ 1* 


YES . 




FC08 


: C9 BA 


C*^P 


l$8A 


LINE FEED? 




FCOA 


: FO 5A 


tSti V 




IF SO, DO IT, 




FCOC 


: C9 88 


Ct^P 


#$S8 


BACK SPAL t f (CMiKL — n) 




FCOE 


! DO C9 


RMG 


BELLI 


HO, CHECK FOR BELL. 




FCIO 


: C6 24 es 


DEC 


CH 


DECREMENT CURSER H INDEX 




FC12 


: 10 E8 


BPL 


RTS 3 


TD dac rti^ prop mHup flta 




FC14 


8 A5 21 


LDA 


WNO'WDTH 


SFT CH TO Wr4DWDTH-l 




FC16 


: 85 24 


STA 


CH 






FC18 


: C6 24 


DEC 


CH 


{RIGHTMOST SCREEN POS) 




PClAj A5 22 UP 


LDA 


WNDTOP 






FCIC: C5 25 


CMP 


CV 
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FCIE 


: BO 


OB 






8CS 


»TS4 


IP TOP LINE THEN PETIIRN 


FC20 


! C6 


25 






DEC 


CV 


DPCR CURSER V-INDEX 


fC22! A5 


25 




VTAE 


LDA 


CV 


GET CURSER V-INDEX 


FC24 


: 20 


CI 


FB 


VTAQZ 


JSR 


PASCALC 


CCNF.PATE BASE ADDS 


FC271 65 


20 






ADC 


WHDLFT 


ADD vilNDOW LEFT INDEX 


FC29J 85 


28 






3TA 


BASL 


TO BASL 


FC2B: 60 






PTS4 


PTS 






FC2C 


i 49 


CO 




ESCl 


EOR 


»$C0 


ESC? 


FC2E: PC 


28 






RFC 


HOME 


IF SO, DO HOfE AND CLEAR 


FC30: 69 


FD 






ADC 


#5FD 


ESC-A OP B CHECK 


FC32: 90 


CO 






BCC 


AOVAMCF 


A, ADVANCE 


FC34: FO 


DA 






BEO 


BS 


B, BACKSPACE 


FC36: 69 


FD 






ADC 


jtSFD 


ESC-C OP D CHECK 


PC 3 8 


t 


2C 






3CC 


LP 


C , DOWN 


rv> on 


: FO 


DE 






BEQ 


UP 


D, GO UP 


FC3C 


! 69 


FD 






ADC 


»SFD 


ESC-E OP P CHECK 


FC3C 




5C 






BCC 


CLREOL 


p., CLPAR TO END OF LINE 


FC40 


t DO 


E9 






8NE 


PTS^ 


NOT F, RETURN 


FC42 


! A4 


24 




CLREOP 


LDY 


CH 


CURSOR H TO Y INDEX 


FC44 


: A5 


25 






LDA 


CV 


CURSOR V TO A-BEGISTER 


FC46 


t 48 






CLEOPl 


PHA 




SAVE CURRENT LINE ON STK 


PC47 


20 


24 


PC 




JSP 


VTA8Z 


CALC PASE !iiDDRESS 


PC 4 A 


20 


9E 


FC 




JSP 


clrolt; 


CLEAR TO EOL, SET CARRY 


FC4D 


AO 


00 






LDY 


#$00 


CLEAR F"';M. H INDEX=0 FOR REST 


FC4F 


68 








PLA 




INCREi-fCNT CURRENT LIME 


PC50 


69 


00 






ADC 


#$0U 


(CARRY IS SET) 


FC52 


C5 


23 






CMP 


•*!NDBTH 


DONE TO ROTTOH OF WINOOV*? 


FC54 


90 


FO 






BCC 


CLEOPl 


NO, KEEP CLFAPING LINES 


FC56 


BO 


OA 






9CS 


VTAP 


YES, TAB TO CURRENT LINE 


FC58 


A5 


22 




HOME 


LDA 


HNDTOP 


INIT CURSOR V 


FC5A 


85 


25 






STA 


CV 


ANO H-ISDICES 


FC5C 


AO 


00 






LDY 


♦ SOO 




FC5E 


84 


24 






STY 


CH 


THEN CLEAR TO END OP PAGE 


FC60 


. FO 


E4 






BEO 


CLEOFa 




FC62 


• A9 


00 




CP 


LDA 


*$00 


CURSOR TO LEFT OF INDFX 


FC6 4 


85 


24 






STA 


CH 


(PET CURSOR H=0) 


FC66 


• E6 


25 




LP 


I IMC 


CV 


INCR CURSOR V(DCi\fN 1 LINE) 


FC68 


! A5 


25 






LPA 


CV 




FC6A 


C5 


23 






CMP 


»HOt?T'l 


OFF SCREP^'? 


FC6C 


90 


B6 






RCC 


VT^VRZ 


NO, SET BASE ADDP 


FC6E: Cfc 


25 






DEC 


CV 


DECP CUr!SOR V(aACK TO 30TT0M LINB.) 


FC70 


A5 


22 




SCROLL 


LDA 


WNDTOP 


START AT TOP OF SCBL WNDW 


FC72 


48 








PHA 






FC73: 20 


24 


FC 




JSR 


VTABZ 


GENERATE BASE ADDRESS 


PC76: AS 


28 




SCRLl 


LDA 


BASL 


COPY BASL,H 


PC7e: 85 


2A 






STA 


BAS2L 


TO BAS2L,H 


FC7AJ A5 


29 






LDA 


BASH 




FC7C 


85 


2B 






STA 


BAS2H 




FC7E8 A4 


21 






LDY 


WNDKOTH 


INIT Y TO RIGHTMOST INDEX 


FC80: 88 








DEY 




OF SCROLLING WINDOW 


FC81: 68 








PLA 






FC82 


69 


01 






ADC 


*$01 


INCP LINE NUMBER 


FC84 


C5 


23 






CMP 


WMDBTM 


DONE? 


FC86 


BO 


OD 






BCS 


SCRL3 


YES, FINISH 


FC88 


48 








PHA 






FC89 


20 


24 


PC 




JSP 


VTABZ 


FORM BASL,H (BASE ADDR) 


FC8C 


Bl 


28 




SCRL2 


LDA 


(BASL) ,Y 


MOVE A CHR UP ON LINE 


FC8E» 91 


2A 






STA 


(PAS2L) , 


Y 


FC90 


88 








DEY 




NEXT CHAP OP LINE 


FC91 


10 


F9 






BPL 


SCPL2 




FC93 


30 


El 






BMI 


SCP.Ll 


NEXT LINE 


PC9 5 


AO 


00 




SCRL3 


LDY 


4$00 


CLEAR BOTTOM LINE 


FC97 


20 


9E 


FC 




JSR 


CLEOLZ 


GET BASE ADOn FOR BOTTOM LINE 


FC9A 


BO 


86 






3CS 


VTAP 


CARRY IS SET 


FC9C 


A4 


24 




CLREOL 


LDY 


CH 


CUPSOR H INDEX 


FC9E 


A9 


AO 




CLEOLZ 


LDA 


l$A0 




FCAO 


91 


28 




CLF0L2 


STA 


(f>ASL) , Y 


STORE BLANKS PROM 'HERE' 


FCA2s C8 








INY 




TO EMD OF LINES (WNDKDTH) 


PCA3 


C4 


21 






CPY 


WrtDCOTH 




FCA5 


90 


F9 






PCC 


CLE0L2 




PC A 7 


60 








PTS 






FCA8 


38 






SAIT 


SEC 






FCA9 


48 






WAIT2 


PHA 






FCAA 


E9 


01 




WAIT3 


SPC 


4IS01 




FCAC 


DO 


FC 






P'Mi; 


WAIT3 


1.0204 USEC 


PCAE 


68 








PLA 




(13+2712*A+512*A*A) 


PCAF 


E9 


01 






SBC 


IS 01 




FCBl- 


DO 


F6 






BNE 


WAIT 2 




FCB3 


60 








PTS 






FCB4; 


E6 


42 




NXTA4 


INC 


A4L 


INCR 2-PYTE A 4 


FCB6! 


DO 


02 






P-JE 


NXTAl 


»ND Al 


FCB8! 


E6 


43 






Ir'C 


A4H 




FCBA- 


A5 


3C 




NXTAl 


LDA 


AIL 


INCP 2-BYTF Al. 


FCBC- 


C5 


3E 






CMP 


A2L 




FCBEi 


A5 


3D 






LDA 


AIM 


AND COKPARF TO A 2 
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FCCO 


: E5 3P 


S8C 


A 2h 






FCC 2 


! E6 3C 


I N^C 


A 1 L 


(CARRY SET IF >=) 




FCC 4 


: DO 02 


t^iN E 


H T.S 4 R 






FCC 6 


: E6 3D 


INC 


AlH 






FCC 8 


: 60 KTS4ir1 


RTS 








FCC 9 


: AO 43 H^.^DU 


LDY 


f $4i' 


ilDT'Tiir n^lCf irfMl*** 1 • 




FCC8: 20 DB FC 


•JSP 


Z EPDLY 


HALF Lit. Lb a 




FCCE 


t DO F9 


?NE 


HEAD^ 






FCDO: 69 FE 


ADC 


* ?Fr 






FCD2 


: BO F5 




i^E ^DR- 


lnr.N A brUr r U 




FCD4: AO 21 


LDY 


<|S21 


(400 USEC) 




FCD6 


: 20 D8 FC KSBIT 


JSB 


ZERDLY 


WRITE TWO HALF CYCLES 




FCD9 


s C8 


INY 




OF 260 USEC ('0') 




FCDA 


: CB 


lUY 




OR 500 USEC ( ' ' ) 




PCDB 


: 88 ZEFDliY 


DEY 








FCDC 


: DO FD 


8NE 


ZEPOLY 






FCDE 


! 90 05 


BCC 


WRTAPE 


Y IS COUNT FOB 




FCEO 


: AO 32 


LDY 


(1 S 3 2 


TIMING LOOP 




FCE2 


: 88 ONEDLY 


DEY 








FCE3 


: DO PO 




ONEDLY 






— FCG5 


; AC 20 CO . WRTAPE 


LDY 


TAPEUU 1 






FCE6 


: AO 2C 


LDY 


»$2C 






FCEA 


5 CA 


DEX 








FCEB 


: 60 


RTS 








FCEC 


: A2 08 RDBYTE 


LDX 


#$08 


8 BITS TO READ 




FCEE 


: 48 RDP,YT2 


PHA 




READ TWO TRANSITIONS 




FCEF 


: 20 PA FC 


JSP 




(FIND EDGE) 




FCP2 


: 68 


PLA 








PCF 3 


: 2A 


POL 


A 


NEXT BIT 




FCF4 


: AO 3A 


LDY 




rOOMT FOR SAMPLES 




FCF6 


: CA 


DEX 








FCP7 


: DO F5 


BNE 


nUUii /. 






FCF9 


; 60 


RTS 








FCFA 


: 20 FD FC RD28IT 


JSR 


RDlUT 






FCFD 


83 RDPI T 


DEY 




DECR y UNTIL 




FCFE 


■ AD 60 CO 


T nA 

LilJn 


I r r. 1 r^* 


TAPf: TRANSITION 




FDOl 


s 45 2F 


EOR 


LAST IN 






FD03 


! 10 P8 


BPL 


RO B I T 






FD05 


! 4 5 2F 


EOR 


LAS TIN 






FD07 


! 85 2F 


STA 


LA ST IN 






FD09 


! CO 80 


CPY 


#S80 


SET CARRY ON Y-PEG. 




FDOB 


60 


PTS 








FDOC 


A4 24 RDKPY 


LDY 


CH 






FDOE 


m on 

bi £.0 


LDA 


(PASL) ,Y 


SET SCREEN TO PLASH 




PDl 


4 8 


PHA 






FDl 1 


29 3F 


AUD 


)> S3P 






FDl 3 


09 40 


OR A 


II S 4 






PDl 5 


91 28 


aTA ■ 


/CACTI V 
( t fth h) ,t 











PLA 








FDl 8 


6C 3B 00 


J.*^P 


{ K S/i L ) 


GO TO USER KEY-IH 




PDl E 




INC 


PNDL 






r UJ.U 






Kf:YIfi2 


INCR ftND NUMBER 




r ux K 


C6 4F 


INC 


RNDH 






PD2 1 


"jr* r*n i^cutiiit 
ak. uu ^ril'Mz 


BIT 


KBP 


KEY DOWN? 






iu r D 


tVL 


KFYIH 


LOOP 




FD2 6 


91 28 


STA 


((ilASL) ,Y 


REPLACE FLASHING SCRi^rN 




pn9R 
r U£ u 


an nn m 

r\U uU VV 


LDA 


K!?D 


rCT KEYCODE 




PD2B . 


Or* in f(\ 

ZL lU LU 


PIT 


l\ r-uci I rr* 


CLR KF.Y STPOBE 




FD2 E 


60 


RTS 








PD2F : 


9l\ nr* PO r*zr 
*u ru tit!>L. 


JSR 


P D K E Y 


GET i'FYCOD'? 




FD3 2 : 


on s>f^ 
£.1} 


1 J S P. 




HA>JD[.ri ESC FUNC. 




FD35i 




JSP 


PJiKEY 


RFAO Kf'Y 




PD38 : 


C9 90 


Ci'P 


IS95 


ESC? 




FD3A 1 


PO F 3 




PSC 


YES, DON'T RETUR^i 




FD3C: 


60 


RTS 








PD3D: 


A5 32 NOTCH 


LDA 


iNvr LG 






PD3F: 


48 


PHA 








FD40: 


A9 FF 


LDA 


♦ SFF 






FD42: 


85 32 


STA 


xNVr LO 


(ECHO USER LI-NE 




FD44 ; 


BD 00 02 


LDA 


IN,X 


NON INVERSE 




FD47: 


20 ED FD 


JSR 


COUT,J 






PD4A: 


68 


PLA 








FD4B: 


85 32 


STA 


INVFLG 






PD4Di 


BD 00 02 


LDA 


IN , X 






FD50! 


C9 88 


CMP 


4 C 


CHECK FOR EDIT KEYS 




FD52s 


PO ID 


PEO 


BCK3PC 


RS, CTRL-X, 




P054: 


C9 98 


C>1P 


l$98 






FD56t 


PO OA 


PEO 


CANCEL 






FD58! 


EO F8 


CPX 


♦ SF8 


MARGIN? 




FD5A: 


90 03 


BCC 


NOTCH 1 






FD5C: 


20 3A FF 


JSR 


BELL 


YES, SOUND PELL 




FD5Ps 


E8 l-)OTC!»l 


INX 




ADVANCE INPUT INDEX 




FD60: 


DO 13 


Bi^E 


NXTCHAP 






PD62i 


A9 DC CANCEL 


LDA 


#5DC 


BACKSLASH AFTER CANCELLED LINE 




FD64: 


20 ED FD 


JSB 


COOT 
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FD67 


20 


8E 


FD 


GETLN Z 


JSR 


CROUT 


OUTPUT CP >^<r~'"" J.^* ' ^ 4 


FD6A 


A5 


33 




GETLN 


LDA 


PROMPT 


u i ' ' W.' 


FD6C 




ED 


FD 




JSR 


COUT 


OUTPUT PROMPT CHAP 

INIT iHPUT INDEX M'^^ fi 
WILL "ACKSPACE TO * fit 

r' 


FD6F 


A2 


01 






LDX 


l$01 


FD71 


8A 






BCKSPC 


TXA 




FD72 


! FO 


F3 






i.' Tj 


G KTLM 2 


FD74 


. CA 








OEX 






FD75 


! 20 


35 


FD 


.■^XTCilAK 


JSP 


PDCriAC 




FD78 


• C9 


95 






CMP 


•(PICK 


USE SCPf.EM CHAR 


FD7A 


: DO 


02 






BNE 


CAPTST 


FOP CTRL-U ^ 


FD7C 


i Bl 


28 






LDA 


(BASL) ,y 




PD7E 


: C9 


EO 




CAPTST 


CM P 


>SE0 




FD80 


: 90 


02 






BCC 


ADDINP 


COl'IVERT TO CAPS 'A-'" 


FD82 


• 29 


DP 






AND 


#?DF 




FD84 


: 9D 


00 


02 


ADDIWP 


STA 


Irt.X 
'!$80 


ADD TO IBPUT 3UF '''' 


FD87 


: C9 


80 






CMP 




P089: DO 


B2 






BNE 


NOTCR 




FD8B 


! 20 


9C 


PC 




J3R 


CLREOL 


CLR TO EOL IP CR (^f;t j- c. 


F08E 


; A9 


8D 




CBOUT 


LDA 


CSBP 


FD90: DO 


5B 






BNE 


COUT 




FD92 


: A4 


3D 




PPAl 


LDY 


AlH 


PRINT CP,Al. IN HEX 


FD94 


: A6 


3C 






LDX 


AIL 




FD96: 20 


8E 


FD 


PPYX2 


JSR 


CPOUT 




FD99 


i 20 


40 


F9 




JSR 


PR.ITYX 




FD9C 


: AO 


00 






LDY 


#$00 




PD9E 


: A9 


AD 






LDA 


*$A0 


PRItJT '-' 


FDAO 


: 4C 


ED 


FD 




J:iP 


COOT 




FDA 3 


: A5 


3C 




XAM8 


LDA 


AIL 




FDAS 


: 09 


07 






ORA 


».S07 


SET TO FINISH AT 


FDA7 


: 8S 


31; 






STA 


A2L 


MOD P«7 


FDA 9 


: A5 


3D 






LDA 


AlH 




FDAB 


: 85 


3P 






STA 


A2H 




FDAD 


: A5 


3C 




I'lOCRCIIK 


LDA 


AIL 




FDAF 


: 29 


u / 






AND 


*l S0 7 




FDBl 


: DO 


3 






BN F- 


DATA OUT 


FDB3 


: 20 




FD 


XAM 


JSP 


PRAl 




FDB6 


! A9 


AO 




DATA OUT 


LDA 


#$A0 




FOBS 


. 20 


FD 


FD 
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TEST FOR MINUS 




F7BE 


30 El 


BMI 


B P 1 






F7C0 


• 60 


RTS 








F7C1 


! OA B7, 


ASL 


A 


DOUPLb nESULT-PEG INDEX 




F7C2. 


! AA 


'I'AX 








F7C3 


, es 00 




RO L f X 


Ti:ST FOR ZERO 




F7C5 


15 01 




"OH 1 X 


(BOTH PYI'ES) 




F7C7 


FO 08 


CEO 


'iHl 


PRAVCH IF SO 




F7C9 


60 


PTS 








F7CA 


OA ['.17, 


ftc; r 
Ho Li 




DOUPLG BPSULT-RSG INDEX 




P7ca 


AA 


TAX 








P7CC 


BS 00 


LD^ 




TEST FOR ?)0N7.FR0 




F7CE: 


15 01 


ORA 


ROH , X 


(BOTH BYTES) 




F7D0i 


DO CP 


BN P 


BP 1 


BRANCH IF SO 




F7D2! 


60 


RTS 








F7D3J 


OA BMl 


ASL 


A 


DOUBLE RESULT-BEG INDEX 




-P7b4 ; 


AA 


TAX 








F7D5: 


B5 00 


LDA 


ROLfX 


CHECK BOTH BYTES 




F7D7: 


35 01 


AND 


ROH ,X 


FOR $FF (MINUS 1) 




F7D9: 


49 FF 


EOR 






F7DB: 


FO C4 


BEO 


BRl 


BRANCH IF SO 




F7DD: 


60 


RTS 








F70E: 


OA BNMl 


ASL 


A 


DOUBLE RESULT-REG INDEX 




P7DF: 


AA 


TAX 








F7E0: 


B5 00 


LDA 


ROL.X 






P7E2: 


35 01 


AND 


ROH , X 


CHECK BOTH BYTES FOR NO $FF 




F7E4: 


49 FF 


EOR 


♦ $PF ' 






P7E6: 


00 B9 


BNE 


BPl 


BRANCH IF NOT MINUS 1 




F7E8: 


60 NUL 


RTS 








F7E9: 


A2 IB RS 


LDX 


#$18 


12*2 FOR R12 AS STK POINTER 










96 










"DTCA2DOC-469-098.PICT" 390 KB 2001-06-26 dpi: 800h x 800v pix: 2564h x 541 2v 




Source: David T Craig 








1 Page 0102 Of 0156 ^ 



Apple 2 Computer Information • Document 469 • Apple 2 Reference Manual (Jan. 1978) 



F7EB: 20 66 F7 JSP 

F7EEt Al 00 LDA 

F7F0: 85 IP STA 

r7F2: 20 66 F7 JSP 

F7F5: Al 00 LDA 

F7F7: 85 IE STA 

F7F9: 60 RTS 

F7FAJ 4C C7 F6 RTW JMP 



DCR DECB STACK POINTER 

(ROL,X) POP HIGH RETORW ADR TO PC 
R15H 

DCf! SAME FOR LOVJ-ORDER BYTE 

(ROL,X) 

R15L 

RTNZ 
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6502 MICROPROCESSOR INSTRUCTIONS 


ADC 


Add Memory to Accumulator with 


I.DA 


Load Accumulator with Memory 




Carry 


LOX 


Load Index X with Memory 


AND 


"AND" Memory with Accumulator 


LDY 


Load Index Y with Memory 


A8L 


Shift Left One Bit (Memory or 


LSR 


Shift Right one Bit (Memory or 




Accumulator) 




Accumulator) 


BCC 


Branch on Carry Clear 


NOP 


No Operation 


BC8 


Branch on Carry Set 


ORA 


\j n iviBiiiiiiy Willi /^\«i«uiiiuiBiur 


BEQ 


Branch on Result Zero 




BIT 


Test Bits in Memory with 


PMA 


Push Accumulator on Stack 




Accumulator 


DUD 

fnt* 


Push Processor Status on Stack 


BMI 


Branch on Result Minus 


PLA 


Pull Accumulator from Stack 


BNE 


Branch on Result not Zero 


Dl D 


Pull Processor Status from Stack 


BPL 


Branch on Result Plus 


ROL 


Rotate One Bit Left (Memory or 


BRK 


Force Break 




Accumulator) 


BVC 


Branch on Overflow Clear 


ROR 


Rotate One Bit Right (Memory or 


BV8 


Branch on Overflow Set 




Accumulator) 


CLC 


Clear Carry Flag 


RTI 


Return from interrupt 


CLD 


Clear Decimal Mode 


QTS 


Return from Subroutine 


CLI 


Clear Interrupt Disable Bit 


SBC 


Subtract Memory from Accumulator 


CLV 


Clear Overflow Flag 




with Borrow 


CMP 


Compare Memory and Accumulator 


SEC 


Set Carry Flag 


CPX 


Compare Memory and Index X 


SEO 


Set Decimal Mode 


CPV 


Compare Memory and index Y 


SEI 


Set Interrupt Disable Status 


DEC 


Decrement Memory by One 


STA 


Store Accumulator in Memory 


DEX 


Decrement index X by One 


8TX 


Store Index X in Memory 


DEV 


Decrement Index Y by One 


STY 


Store Index Y in Memory 


EOR 


"Exclusive-Or" Memory with 


TAX 


Transfer Accumulator to Index X 




Accumulator 


TAY 


Transfer Accumulator to Index Y 


INC 


Increment Memory by Or>e 


TSX 


Transfer Stack Pointer to Index X 


INX 


Increment Index X by One 


TXA 


Transfer Index X to Accumulator 


INY 


Increment Index Y by One 


TXS 


Transfer Index X to Stack Pointer 


JMP 


TYA 


Transfer Index Y to Accumulator 


Jump to New Location 






JSR 


Jump to New Location Saving 








Return Address 
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THE FOLLOWING NOTATION 
APPLIES TO THIS SUMMARY: 



A 


Accumulator 


X. y 


Index Registers 


M 


Memory 


c 


Borrow 


p 


Processor Status Regisler 


s 


Stack Pointer 




Change 




No Change 


+ 


Add 


A 


Logical AND 




Subtract 


V 


Logical Exclusive Or 


♦ 


Transfer From Stack 


k 


Transfer To Stack 




Transfer To 




Transfer To 


V 


Logical OR 


PC 


Program Counter 


PCH 


Program Counter High 


PCL 


Program Counter Low 


OPER 


Operand 


* 


Immediate Addressing Mode 



FIGURE 1, ASL-SHIFT LEFT ONE BIT OPERATION 



7 


6 


5 


4 


3 


2 


1 






FIGURE 2. ROTATE ONE BIT LEFT (MEMORY 
OR ACCUMULATOR) 



5 4 3 2 1 



7 


6 


S 


4 


3 


2 


1 






NOTE 1: BIT - TEST BITS 

Bit 6 and 7 are transferred to the status regisler. If the 
result of A A M is zero then Z-1, otherwise Z=0. 



PROGRAMMING MODEL 



7 V 















ACCUMULATOR 



INDEX REGISTER Y 



INDEX REGISTER X 



15 7 

I PCH I PCL I PROGRAf^^ COUNTER 







STACK POINTER 



N V B D I Z C PROCESSOR STATUS REGISTER. "P" 



CARRY 
ZERO 

■ INTERRUPT DISABLE 
DECIMAL MODE 

' BREAK COMMAND 
OVERFLOW 

■ NEGATIVE 
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CM 


CM 


CM 


csi ri 


CM 


CM 


CM 




CM 










Si 


s 


£ 






s 


O 


S 


8 


Attembly 
Fom 


ADC fOper 
ADC Oper 
ADC Oper.X 
ADC Oper 
ADC Oper.X 

ADC (Oper.X) 
ADC (Oper).Y 


X *"- 

iiMili 

3a:zzzz2z 
<<<<<<<< 


ASL A 
ASL Oper 
ASL Oper.X 
ASL Oper 
ASL Oper.X 


BCC Oper 


BCS Oper 


BEO Oper 


BIT* Oper 
SIT' Oper 


BMI Oper 


BNE Oper 


BPL oper 


BRK* 


BVC Oper 


"CI 


Immediate 
Zero Page 
Zero Page.X 
Absolute 
Absolute.X 
Absolute.Y 
(indirect,X) 
(Indirectl.Y 


Immediate 
Zero Page 
Zero Page.X 
Absolute 
Absolute.X 
Absoldte.Y 
(lndirect.X) 
Ondirect).Y 


Accumulator 
Zero Page 
Zero Page.X 
Absolute 
Absolute.X 


Relative 


Relative 


Relative 


Zero Page 
Absolute 


Relative 


Relative 


Relative 


Implied 


Relative 


Operitlon 


o 
♦ 


1 


jure 1) 


o 

II 

u 
c 
o 


* 

u 
c 
o 


rvi 
c 
o 


z' 
t 

r- 


M 

Z 

C 
O 


t on Z-0 


o 
z 
o 




o 

II 

> 
c 
o 

c 


A-M-C 


AAM - 


(See Hi 


Branch 


Branch 


Branch 


5 t 

< u 
<Z 


Branch 


Brand 


Brand 


Force< 
Intern 
PC»2i 


Brand 


S 

sf 

" 8 

o 

1 


ADC 

Add memory to 
accumulator with carry 


AND 

•'AND" memory with 
accumulator 


ASL 

Shitt left one btt 
(Memory or Accumulator) 


BCC 

Branch on carry clear 


BCS 

Branch on carry set 


BEQ 

Branch on result zero 


BIT 

Test bits in menwry 
with accumulator 


BMI 

Branch on result minus 


BNE 

Branch on result not zero 


BPL 

Branch on result plus 


BRK 

Force Break 


BVC 

Branch on overflow clear 
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APPLE II HARDWARE 

1. Getting Started with Your APPLE II Board 

2. APPLE II Switching Power Supply 

3. Interfacing with the Home TV 

4. Simple Serial Output 

5. Interfacing the APPLE — 

Signals, Loading, Pin Connections 

6. Memory-— 

Options, Expansion, Map, Address 

7. System Timing 

8. Schematics 
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GETTING STARTED WITH YOUR APPLE II BOARD 



INTRODUCTION 



ITEMS YOU WILL NEED : 

Your APPLE II board comes completely assembled and thoroughly tested. 
You should have received the following: 



a. 


1 


ea. 


APPLE II P.C. Board complete with 










specified RAM memory. 




b. 


1 


ea. 


d.c. power connector with cable. 




c. 


1 


ea. 


2" speaker with cable. 




d. 


1 


ea. 


Prel imfnary Manual 




e. 


1 


ea. 


Demonstration cassette tapes. (For 4K: 


1 cassette (2 programs); 








16K or greater: 3 cassettes. 




f. 


2 


ea. 


16 pin headers plugged into locations 


A7 



and J14. 



In addition you will need: 

g. A color TV set (or B & W) equipped with a direct 
video input connector for best performance or a com- 
mercially available RF modulator such as a "Pixi-verte*'" 
Higher channel (7-13) modulators generally provide 
better system performance than lower channel modulators 
(2-6). 

h. The following power supplies (NOTE: current ratings 
do not include any capacity for peripheral boards.): 

1. +12 Volts with the following current capacity: 

a. For 4K or 16K systems - 35|3mA. 

b. For 8K. 2pK or 32K - 55i3mA. 

c. For 12K, 24K, 36K or 48K - 85(i!mA. 

2. +5 Volts at 1 .6 amps 

3. -5 Volts at IpmA. 



4. OPTIONAL: If -12 Volts is required by your keyboard. 
(If using an APPLE II supplied keyboard, you will 
need -12V at SOmA.) 
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i. An audio cassette recorder such as a Panasonic model 
RQ-309 DS which is used to load and save programs. 

j. An ASCII encoded keyboard equipped with a "reset" 
switch. 

k. Cable for the following: 

1. Keyboard to APPLE 11 P.C.B. 

2. Video out 75 ohm cable to TV or modulator 

3. Cassette to APPLE II P.C.B. (1 or 2) 

Optionally you may desire: 

1. Game paddles or pots with cables to APPLE II Game I/O 
connector. (Several demo programs use PDL(O) and 
"Pong" also uses PDL(l). 

m. Case to hold all the above 

Final Assembly Steps 

1. Using detailed information on pin functions in hardware 
section of manual, connect power supplies to d.c. cable 
assembly. Use both ground wires to miminize resistance. 
With cable assembly disconnected from APPLE II mother 
board, turn on power supplies and verify voltages on 
connector pins. Improper supply connections such as re- 
verse polarity can severely damage your APPLE II. 



2. Connect keyboard to APPLE II by unplugging leader in 
location A7 and wiring keyboard cable to it, then plug 
back into APPLE II P.C.B. 

3. Plug in speaker cable. 

4. Optionally connect one or two game paddles using leader 
supplied in socket located at J14. 

5. Connect video cable. 

6. Connect cable from cassette monitor output to APPLE II 
cassette input. 

7. Check to see that APPLE II board is not contacting any 
conducting surface. 

8. With power supplies turned off, plug in power connector 
to mother board then recheck all cableing. 
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POWER UP 

1. Turn power on. If power supplies overload, immediately turn off 
and recheck power cable wiring. Verify operating supply voltages 
are within +3% of nominal value. 

2. You should now have random video display. If not check video 
level pot on mother board, full clockwise is maximum video out- 
put. Also check video cables for opens and shorts. Check 
modulator if you are usinq one. 



3. Press reset button. Speaker should beep and a prompt 
character with a blinking cursor should appear in lower 
left on screen. 



4. Press "esc" button, release and type a "(3" (shift-P) to 
clear screen.. You may now try "Monitor" commands if you 
wish. See details in "Monitor" software section. 



RUNNING BASIC 

1. Turn power on; press reset button; type "control B" and press 
return button. A prompt character should appear on screen 
indicating that you are now in BASIC. 

2. Load one of the supplied demonstration cassettes into recorder. 
Set recorder level to approximately 5 and start recorder. Type 
"LOAD" and return. First beep indicates that APPLE II has found 
beginning of program; second indicates end of program followed 
by ">" character on screen. If error occurs on loading, try a 
different demo tape or try changing cassette volume level, 

3. Type RUN and carriage return to execute demonstration program. 
Listings of these are included in the last sectiots of this 
manual . 
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THE APPUS II SWITCHING POWER SUPPLY 



Switching power supplies generally have both advantages and peculiarities 
not generally found in conventional power si?)plies. The Apple II user 
is urged to review this section. 



Your Apple II is equipped with an AC line 
voltage filter and a three wire AC line cord. 
It is inportant to make sure that the third 
wire is returned to earth ground. Use a con- 
tinuity checker or ohnmeter to ensure that 
the third wire is actually returned to earth. 
Continuity should be checked for between the 
power supply case and an available water pipe 
for exanple. The line filter, which is of a 
type approved by dcxnestic (U.L. CSA) and 
international (VDE) agencies must be returned 
to earth to function properly and to avoid 
potential shock hazards. 



The APPLE II power supply is of the "flyback" switching type. In 
this system, the AC line is rectified directly, "chopped up" by a high 
frequency oscillator and coupled through a small transformer to the 
diodes, filters, etc., and results in four low voltage DC supplies to 
run APPLE II. The transformer isolates the DC supplies from the line 
and is provided with several shields to prevent "hash" from being 
coupled into the logic or peripherals. In the "flyback" system, the 
energy transferred through from the AC line side to DC supply side is 
stored in the transformer's inductance on one-half of the operating 
cycle, then transferred to the output filter capacitors on the second 
half of the operating cycle. Similar systems are used in TV sets to 
provide horizontal deflection and the high voltages to run the CRT. 

Regulation of the DC voltages is accomplished by controlling the 
frequency at which the converter operates; the greater the output power 
needed, the lower the frequency of the converter. If the converter is 
overloaded, the operating frequency will drop into the audible range 
with squeels and squawks warning the user that something is wrong. 

All DC outputs are regulated at the same time and one of the four 
outputs (the +5 volt supply) is compared to a reference voltage with 
the difference error fed to a feedback loop to assist the oscillator 
in running at the needed frequency. Since all DC outputs are regulated 
together, their voltages will reflect to some extent unequal loadings. 
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For example; if the +5 supply is loaded very heavily, then all 
other supply voltages will increase in voltage slightly; conversely, 
very light loading on the +5 supply and heavy loading on the +12 
supply will cause both it and the others to sag lightly. If precision 
reference voltages are needed for peripheral applications, they should 
be provided for in the peripheral design. 

In general, the APPLE II design is conservative with respect to 
component ratings and operating termperatures. An over-voltage crowbar 
shutdown system and an auxilliary control feedback loop are provided 
to ensure that even very unlikely failure modes will not cause damage to 
the APPLE II computer system. The over-voltage protection references to 
the DC output voltages only. The AC line voltage input must be within 
the specified limits, i.e., ip7V to 132V. 



Since the output voltages are controlled by changing the operating 
frequency of the converter, and since that frequency has an upper limit 
determined by the switching speed of power transistors, there then must 
be a minimum load on the supply; the Apple II board with minimum memory 
(4K) is well above that minimum load. However, with the board discon- 
nected, there is no load on the supply, and the internal over-voltage 
protection circuitry causes the supply to turn off. A 9 watt load 
distributed roughly 50-50 between the +5 and +12 supply is the nominal 
minimum load. 

Nominal load current ratios are: The +12V supply load is h that of the +5V. 

The - 5V supply load is 1/ljZ) that of the +5V. 
The -12V supply load is l/ljZ) that of the +5V. 

The supply voltages are +5.^ + J3.15 volts, +11.8 + 0.5 volts, -12.0 + IV, 
-5.2 + 0.5 volts. The tolerances are greatly reduced when the loads are 
close to nominal . 

The Apple II power supply will power the Apple II board and all present 
and forthcoming plug-in cards, we recommend the use of low power TTL, CMOS, 
etc. so that the total power drawn is within the thermal limits of the entire 
system. In particular, the user should keep the total power drawn by any 
one card to less than 1.5 watts, and the total current drawn by all the cards 
together within the following limits: 



The power supply is allowed to run indefinetly under short circuit 
or open circuit conditions. 



Under no circumstances, should more 
than 14(? VAC be applied to the input 
of the power supply. Permanent damage 
will result. 



+ 12V 
+ 5V 

- 5V 

- 12V 



use no more than 250 mA 
use no more than 50(3 mA 
use no more than 200 mA 
use no more than 200 mA 



CAUTION: There are dangerous high 
voltages inside the power supply 
case. Much of the internal circuitry 
is NOT isolated from the power line, 
and special equipment is needed for 
service. NO REPAIR BY THE USER IS 
ALLOWED. 
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NOTES ON INTERFACING WITH THE HOME TV 



Accessories are available to aid the user in connecting the Apple II 
system to a home color TV with a minimum of trouble. These units are called 
"RF Modulators" and they generate a radio frequency signal corresponding to 
the carrier of one or two of the lower VHF television bands; 61.25 MHz 
(channel 3) or 67.25 MHz (channel 4). This RF signal is then modulated with 
the composite video signal generated by the Apple II. 

Users report success with the following RF modulators: 

the "PixieVerter" (a kit) 
ATV Research 
13th and Broadway 
Dakota City, Nebraska 68731 

the "TV-1" (a kit) 

UHF Associates 
6037 Haviland Ave. 
Whit tier, CA 90601 



the "Sup-r-Mod" by (assembled & tested) 
M&R Enterprises 
P.O. Box 1011 
Sunnyvale, CA 94088 

the RF Modulator (a P.C. board) 

Electronics Systems 
P.O. Box 212* 
Burlingame, CA 94010 

Most of the above are available through local computer stores. 



The Apple II owner who wishes to use one of these RF Modulators should 
read the following notes carefully. 

All these modulators have a free running transistor oscillator. The 
M&R Enterprises unit is pre-tuned to Channel 4. The PixieVerter and the 
TV-1 have tuning by means of a jumper on the P.C. board and a small trinwer 
capacitor. All these units have a residual FM which may cause trouble if 
the TV set in use has a IF pass band with excessive ripple. The unit from 
M&R has the least residual FM. 



All the units except the M&R unit are kits to be built and tuned by 
the ':ustomer. All the kits are incomplete to some extent. The unit from 
Electronics Systems is just a printed circuit board with assembly instructions. 
The kits from UHF Associates and ATV do not have an RF cable or a shielded 
box or a balun transformer, or an antenna switch. The M&R unit is complete. 

Some cautions are in order. The Apple II, by virtue of its color graphics 
capability, operates the TV set in a linear mode rather than the M% contrast 
mode satisfactory for displaying text. For this reason, radio frequency inter- 
ference (RFI) generated by a computer (or peripherals) will beat with the 
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carrier of the RF modulator to produce faint spurious background patterns 
(called "worms") This RFI "trash" must be of quite a low level if worms 
are to be prevented. In fact, these spurious beats must be 4p to 5pdb 
below the signal level to reduce worms to an acceptable level. When it is 
remembered that only 2 to 6 mV (across 3ppf2j is presented to the VHP input 
of the TV set, then stray RFI getting into the TV must be less than 50yV 
to obtain a clean picture. Therefore we recommend that a good, co-ax 
cable be used to carry the signal from any modulator to the TV set, such 
as RG/59U (with copper shield), Bel den #8241 or an equivalent miniature 
type such as Bel den #8218. We also recommend that the RF modulator be 
enclosed in a tight metal box (an unpainted die cast aluminum box such as 
Pomona #2428). Even with these precautions, some trouble may be encountered 
with worms, and can be greatly helped by threading the coax cable conn- 
ecting the modulator to the TV set repeatedly through a Ferrite toroid core. 
Apple Computer supplies these cores in a kit, 'along with a 4 circuit 
connector/cable assembly to match the auxilliary video connector found on 
the Apple II board. This kit has order number A2M01J9X. The M&R "Sup-r-Mod 
is supplied with a coax cable and toroids. 

Any computer containing fast switching logic and high frequency clocks 
will radiate some radio frequency energy. Apple II is equipped with a 
good line filter and many other precautions have been taken to minimize 
radiated energy. The user is urged not to connect "antennas" to this 
computer; wires strung about carrying clocks and/data will act as antennas, 
and subsequent radiated energy may prove to be a nuisance. 

Another caution concerns possible long term effects on the TV picture 
tube. Most home TV sets have "Brightness" and "Contrast" controls with a 
very wide ranqe of adjustment. When an un-changing picture is displayed 
with high brightness for a long period ,a faint discoloration of the 
TV CRT may occur as an inverse pattern observable with the TV set^^ 
turned off. This condition may be avoided by keeping the "Brightness' 
turned down slightly and "Contrast" moderate. 
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A SIMPLE SERIAL OUTPUT 



The Apple II is equipped with a 16 pin DIP socket most frequently 
used to connect potentiometers, switches, etc. to the computer for 
paddle control and other game applications. This socket, located at 
J-14, has outputs available as well. With an appropriate machine 
language program, these output lines may be used to serialize data in 
a format suitable for a teletype. A suitable interface circuit must 
be built since the outputs are merely LSTTL and won't run a teletype 
without help. Several interface circuits are discussed below and the 
user may pick the one best suited to his needs. 

The ASR - 33 Teletype 

The ASR - 33 Teletype of recent vintage has a transistor circuit 
to drive its solenoids. This circuit is quite easy to interface to, 
since it is provided with its own power supply. (Figure la) It can 
be set up for a 20mA current loop apd interfaced as follows (whether 
or not the teletype is strapped fo^ full duplex or half duplex oper- 
ation): ^ 

a) The yellow wire and purple wire should both go to 
terminal 9 of Terminal Strip X. If the purple wire 
is going to terminal 8, then remove it and relocate 
it at terminal 9. This is necessary to change from 
the 60mA current loop to the 20mA current loop. 

b) Above Terminal Strip X is a connector socket identi- 
fied as "2". Pin 8 is the input line + or high; Pin 
7 is the input line - or low. This connector mates 
with a Molex receptacle model 1375 #(33-p9-2151 or 
#03-09-2153. Recommended terminals are Molex #(2l2-(39- 
2136. An alternate connection method is via spade lugs 
to Terminal Strip X, terminal 7 (the + input line) and 
6 (the - input line). 

c) The following circuit can be built on a 16 pin DIP 
component carrier and then plugged into the Apple's 
16 pin socket found at J-14: (The junction of the 
3.3k resistor and the transistor base lead is float- 
ing). Pins 16 and 9 are used as tie points as they 
are unconnected on the Apple board. (Figure la). 
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The "RS - 232 Interface" 

For this interface to be legitimate, it is necessary to twice invert 
the signal appearing at J-14 pin 15 and have it swing more than 5 volts 
both above and below ground. The following circuit does that but requires 
that both +12 and -12 supplies be used. (Figure 2) Snipping off pins 
on the DIP-component carrier will allow the spare terminals to be used for 
tie points. The output ground connects to pin 7 of the DB-25 connector. 
The signal output connects to pin 3 of the DB-25 connector. The "protective" 
ground wire normally found on pin 1 of the DB-25 connector may be connected 
to the Apple's base plate if desired. Placing a #4 lug under one of the 
four power supply mounting screws is perhaps the simplest method. The +12 
volt supply is easily found on the auxiliary Video connector (see Figure S-11 
or Figure 7 of the manual). The -12 volt supply may be found at pin 33 of 
the peripheral connectors (see Figure 4) or at the power supply connector 
(see Figure 5 of the manual). 

A Serial Out Machine Center Language Program 

Once the appropriate circuit has been selected and constructed a machine 
language program is needed to drive the circuit. Figure 3 lists such a tele- 
type output machine language routine. It can be used in conjunction with an 
Integer BASIC program that doesn't require page $300 hex of memory. This 
program resides in memory from $370 to $3E9. Columns three and four of the 
listing show the op-code used. To enter this program into the Apple II the 
following procedure is followed: 

Entering Machine Language Program 

1 . Power up Apple II 

2. Depress and release the "RESET" key. An asterick 
and flashing cursor should appear on the left hand 
side of the screen below the random text matrix. 

3. Now type in the data from columns one, two and three 
for each line from $370 to 03E9. For example, type in 
"370: A9 82" and then depress and release the "RETURN" 
key. Then repeat this procedure for the data at $372 
and on until you complete entering the program. 

Executing this Program 

1. From BASIC a CALL 880 ($370) will start the execution of 
this program. It will use the teletype or suitable 8(? 
column printer as the primary output device. 
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2. PR#0 win inactivate the printer transfering control 
back to the Video monitor as the primary output device. 

3. In Monitor mode $370G activates the printer and hitting 
the "RESET" key exits the program. 

Saving the Machine Language Program 

After the machine language program has been entered and checked for 
accuracy it should, for convenience, be saved on tape - that is unless 
you prefer to enter it by keyboard every time you want to use it. 

The way it is saved is as follows: 

1. Insert a blank program cassette into the tape 
recorder and rewind it. 

2. Hit the "RESET" key. The system should move 
into Monitor mode. An asterick "*" and flash- 
ing cursor should appear on the left-hand side 
of the screen. 

3. Type in "370.03E9W 370.03E9W". 

4. Start the tape recorder in record mode and depress 
the "RETURN" key. 

5. When the program has been written to tape, the asterick 
and flashing cursor will reappear. 

The Program 

After entering, checking and siving the program perform the following 
procedure to get a feeling of how the program is used: 

1. (control B) into BASIC 

2. Turn the teletype (printer on) 

3. Type in the following 

10 CALL 880 

15 PRINT "ABCD. ..XYZ01 123456789" 
20 PR#0 
25 END 

4. Type in RUN and hit the "RETURN" key. The 
text in line 15 should be printed on the 
teletype and control is returned to the key- 
board and Video monitor. 
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Line 10 activates the teletype machine routine and all "PRINT" state- 
ments following it will be printed to the teletype until a PR#0 statement is 
encountered. Then the text in line 15 will appear on the teletype's output. 
Line 20 deactivates the printer and the program ends on line 25. 

Conclusion 

With the circuits and machine language program described in this paper 
the user may develop a relatively simple serial output interface to an ASR-33 
or RS-232 compatible printers. This circuit can be activated through BASIC 
or monitor modes. And is a valuable addition to any users program library. 
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+5V 



;3.3K 



:3.3K 



Qpm 15} 
J-14 




OUTPUT TO TELETYPE 



RESISTORS ARE 1/4 WATT CARBON 



EBC 




(a) 



(pin is") 

J-14 



FIGURE 1 ASR"-33 




+ 12 (JUMPERED TO +12 SUPPLY) 



-o OUTPUT (+) 
-o OUTPUT (-) 



n"\ (^piN b) 

_ J-14 



-12 (JUMPERED TO -12 SUPPLY) 



FIGURE 2 RS-232 



(b) 
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3t42 P.M. , 1 1/ I S/1977 

I 

2 

3 ♦ 

^ * 

5 ♦ 

6 * 

7 * 
S ♦ 

9 ♦ 

10 * 
I I * 

12 * 

13 * 

14 * 

15 ♦ 

16 * 
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23 


M AQ V 
I irtri A 




SC05 9^ 












24 


SPACE 


EQU 












25 


WAI T 


EQU 


iFC A8 












26 




ORG 


S 3 7 




♦♦♦WARNING 


: OPERAND 


OUERFLOV IN 


LI NE 


27 




0370J 


A9 


82 




27 


TT I NIT : 


LDA 


#TTOUT 




0372: 


85 


36 




28 




STA 


CSWL 


; DO I NT TO TTY ROUTNES 


0374 : 


A9 


03 




29 




LDA 


#TT0UT/256 


•HIGH BYTE 


03 76 : 


85 


37 




30 




STA 


CSWL+ I 




0378: 


A9 


48 




3 1 




LDA 


#72 


ISET VINDOW VIDTH 


037A: 


85 


21 




32 




'STA 


UNDVDTH 


;T0 NUMBER COLUMNS ONT 


037C: 


AS 


24 




33 




LDA 


CH 




037E : 


3D 


FB 


07 


34 




STA 


COLCNT 


; WHERE WE ARE NOV. 


0381 : 


60 






35 




RTS 






0382 : 


48 






36 


TTOUT: 


PHA 




;SAVE TWICE 


0383 : 


48 






37 




PHA 




;0N STACK. 


0384: 


AD 


FS 


07 


38 


TT0UT2: 


LDA 


COLCNT 


; CHECK FOR A TAB. 


0387: 


C5 


24 




39 




CMP 


CH 




0389: 


68 






40 




PLA 




; RESTORE OUTPUT CHAR. 


03 8A: 


BO 


03 




4 1 




BCS 


TESTCTRL 


;IF C SET, NO TAB 


038C : 


48 






42 




PHA 






03 8D: 


A9 


AO 




43 




LDA 


#SAO 


; PRINT A SPACE. 


038F: 


2C 


CO 


03 


44 


TESTCTRL: 


BIT 


RTSl 


; TRICK TO DETERMINE 


0392: 


FO 


03 




45 




BEQ 


PRNTIT 


;IF CONTROL CHAR. 


103 94 t 


EE 


F8 


07 


46 




INC 


COLCNT 


; IF NOT* ADD ONE TO CB 


0397: 


20 


CI 


03 


47 


PRNTIT: 


JSR 


dochar/" 


J PRINT THE CHAR ON TTV 


039A: 


68 






48 




PLA 




; RE STORE CHAR 


039B: 


48 






49 




PHA 




J AND PUT BACK ON STACK 


039C: 


90 


E6 




50 




3CC 


TT0UT2 


;do more spaces for Ta 


03 9E: 


49 


OD 




51 




EOR 


#JOD 


; CHECK for car ret. 


03A0: 


OA 






52 




ASL 


A 


;ELIM PARITY 


03A1 : 


DO 


OD 




53 




BNE 


FINISH 


;IF NOT CRj DONE. 



FIGURE 3a 
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3:42 p 
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03aFs 

03C0: 

03CI : 
03C4 : 
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03CS ! 
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03D9: 
03D3; 
03DC: 
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03E3 : 
03E5 t 
Q3ZS : 
03E9 : 



!t 

3D F8 
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20 CI 
A9 58. 
20 A8 
AD F8 
FO 08 
£5 21 
E9 F7 
90 04 
69 IF 
85 24 
68 
60 



78 



8C 
08 

AO 03 
18 
48 

30 05 
AD 59 
90 03 
AD 58 
A9 D7 
48 

A9 20 
4A 

90 FD 
68 

E9 01 
DO F5 
68 
6A 
88 

DO E3 
AC 78 
28 
60 
♦♦SUCCE 



FIMISH: 



TELE 

/18/ 1977 
07 -54 

55 
03 56 

57 
FC 58 
07 59 

60 

61 

62 

63 

64 

65 
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67 

68 
07 69 

70 

71 

72 

73 

74 
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76 
CO 77 

78 

79 

80 

3t 

82 

83 

84 

85 

36 

37 

88 

39 / 
07 90 
91 
92 

SSFUL ASSEMSLYt 



"YPE D'^IVER HO'JTIMES 



»AGE 



SETCH: 
RETURN: 
RTSl : 
♦ HERE 
DOCHAR: 



TT0aT3: 



MARKOUT; 
TT0UT4 : 
DLYl : 

DLY2: 



STA 


COLCMT 


i CLEAR COLUMN COU-JT 


EDA 


#i8A 


;nov do line feed 


JSR 


DOCHAR ^ 




LDA 


#£53 




JSR 


VAI T 


;200MS£C DELAY FOR LI 


LDA 


COLCNT 


; CHECK IF IN MARGIN 


3E<i 


SETCH 


;for cr^ reset ch 


— SBC 


VMDWDTH fci^ « 


;IF SO* CARRY SET. 


SBC 


#iF7 




3CC 


RETURN 




ADC 


#$ IF 


; ADJUST CH 


-STA 


CH 




PLA 






RTS 




; RETURN TO CALLER 



IS THE TELETYPE PRINT A CHARACTER ROUTINE: 



b 1 Y 


V C A T f r 

Yb AVii. 


PHP 




LDY 


#SOB 


CLC 




- PHA 




3CS 


MARKOUT 


LDA 


SPACE 


3CC 


T TOUT 4 


LDA 


MARK ^,f. 
#SD7 

#S20 


LDA 

f PHA 
f LDA 


LSR 


A ^..V^ 


BCC 


DLY2 


PLA 




sac 


#$0l 


3NE 


DLYl 


'PLA 




ROR 


A 


DEY 




3NE 


TT0UT3 


LDY 


YSAVE 


PLP 




RTS 





;SAVE STATUS. 
Ml 3 ITS (I START> 3 I 
; BEGIN VITH SPACE < STl 
;SAVE A REG AND SET FOh 

;SSND A SPACE 

;SEND A MARK 

; DELAY 9.0? I MSEC FOR 

; I 10 BAUD 



;next bit cstop bits ■ 

LOOP II bits. 

; RESTORE Y-REG. 
; RE STORE STATUS 
; RETURN 



NO ERRORS 



FIGURE 3b 



<1 S 
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CROSS- REFERNCE t 


TELETYPE DRIVER ROUTINES 


CH 
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FIGURE 3c 
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INTERFACING THE APPLE 



This section defines the connections by which external devices are 
attached to the APPLE II board. Included are pin diagrams, signal 
descriptions, loading constraints and other useful information. 



TABLE OF CONTENTS 



1, 


CONNECTOR LOCATION DIAGRAM 


2. 


CASSETTE DATA JACKS (2 EACH) 


3. 


GAME I/O CONNECTOR 


4. 


KEYBOARD CONNECTOR 


5. 


PERIPHERAL CONNECTORS (8 EACH) 


6. 


POWER CONNECTOR 


7. 


SPEAKER CONNECTOR 


8. 


VIDEO OUTPUT JACK 


9. 


AUXILIARY VIDEO OUTPUT CONNECTOR 
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Figure lA APPLE II Board-Complete View 
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CASSETTE JACKS 

A convenient means for interfacing an inexpensive audio cassette 
tape recorder to the APPLE II is provided by these two standard 
(3.5mm) miniature phone jacks located at the back of the APPLE II 
board . 



CASSETTE DATA IN JACK : Designed for connection to the "EARPHONE" 
or "MONITOR" output found on most audio cassette tape recorders. 
ViN=lVpp (nominal), Z,m=12K Ohms. Located at K12 as illustrated in 
Figure 1. ^'^ 



CASSETTE DATA OUT JACK ; Designed for connection to the "MIC" or 
"MICROPHONE" input found on most audio cassette tape recorders. 
V^,,T=25 mV into 1 Q^QT Ohms, Z^, =1 0j3 Ohms. Located at K13 as illustrated 
iH^Figure 1. 



GAME I/O CONNECTOR 

The Game I/O Connector provides a means for connecting paddle controls, 
lights and switches to the APPLE II for use in controlling video games, 
etc. It is a 16 pin IC socket located at J14 and is illustrated in 
Figure 1 and 2. 



Figure 2 GAME I/O CONNECTOR 
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LOCATION J14 



125 



■DTCA2DOC-469-125.PICT" 183 KB 2001-06-26 dpi: 600h x 600v pix: 241 6h x 3682v 



Source: David T Craig 



I Page 0129 of 0156 



Apple 2 Computer Information • Document 469 • Apple 2 Reference Manual (Jan. 1978) 



SIGNAL DESCRIPTIONS FOR GAME I/O 

ANg-AN3 : 8 addresses (C058-C95F) are assigned to selectively 
"SET" or "CLEAR" these four "ANNUNCIATOR" outputs. 
Envisioned to control indicator lights, each is a 
74LSXX series TTL output and must be buffered if used 
to drive lamps. 

Cg4(? STB : A utility strobe output. Will go Tow during 02 of a 
read or write cycle to addresses C(?49-C(;4F. This is 
a 74LSXX series TTL output. 

GND : System circuit ground. Volt line from power supply. 

NC: No connection. 

PDL0-PDL3' Paddle control inputs. Requires a 0-150K ohm variable 

PDL0 PULJ. i;^^.^^^^^^ .^^^ ^3,^^ paddle. Internal 100 ohm 

resistors are provided in series with external pot to 
prevent excess current if pot goes completely to zero 
ohms. 

SW0-SW2 : Switch inputs. Testable by reading from addresses 
C061-C063 (or C069-C06B). These are uncommitted 
74LSxx series inputs. 

+5V: Positive 5-Volt supply. To avoid burning out the connector 

pin, current drain MUST be less than 100mA. 



KEYBOARD CONNECTOR 

This connector provides the means for connecting as ASCII keyboard 
to the APPLE II board. / It is a 16 pin IC socket located at A7 and is 
illustrated in Figures 1 and 3. 



Figure 3 KEYBOARD CONNECTOR 
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LOCATION A7 
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SIGNAL DESCRIPTION FOR KEYBOARD INTERFACE 

B1-B7: 7 bit ASCII data from keyboard, positive logic (high level= 
"!")> TTL logic levels expected. 

GND: System circuit ground. ^ Volt line from power supply. 

NC : No connection. 

RESET: System reset input. Requires switch closure to ground. 

STROBE : Strobe output from keyboard. The APPLE II recognizes the 
positive going edge of the incoming strobe. 

+5V: Positive 5-Volt supply. To avoid burning out the connector 
pin, current drain MUST be less than lj3j?mA. 

-12V : Negative 12-Volt supply. Keyboard should draw less than 
50mA. 



PERIPHERAL CONNECTORS 

The eight Peripheral Connectors mounted near the back edge of the 
APPLE II board provide a convenient means of connecting expansion 
hardware and peripheral devices to the APPLE II I/O Bus. These are 
Winchester #2HW25Cp-lll (or equivalent) 5^ pin card edge connectors 
with pins on .Ip" centers. Location and pin outs are illustrated in 
Figures 1 and 4. 



SIGNAL DESCRIPTION FOR PERIPHERAL I/O 

Ae)-A15: 16 bit system address bus. Addresses are set up by the 

6502 within 3ei0nS after the beginning of 0,. These lines 

will drive up to a total of 16 standard TTll. loads. 



DEVICE SELECT : Sixteen addresses are set aside for each peripheral 
connector. A read or write to such an address will 
send pin 41 on the selected connector low during 0^ 
(5ppnS). Each will drive 4 standard TTL loads. 

D0-D7: 8 bit system data bus. During a write cycle data is 

set up by the 6502 less than 300nS after the beginning 
of During a read cycle the 65)2)2 expects data to 
be ready no less than 100nS before the end of 9)^. 
These lines will drive up to a total of 8 total low 
power schottky TTL loads. 
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DMA: 


Direct Memory Access control output. This line has a 
3K Ohm pullup to +5V and should be driven with an 
open collector output. 


DMA IN: 


Direct Memory Access daisy chain input from higher 
priority peripheral devices. Will present no more 
than 4 standard TTL loads to the driving device. 


DMA OUT: 


Direct Memory Access daisy chain output to lower 
priority peripheral devices. This line will drive 
4 standard TTL loads. 


GND: 


System circuit ground. Volt line from power supply. 


INH: 


Inhibit Line. When a device pulls this line low, all 
ROM's on board are disabled (Hex addressed D000 through 
FFFF). This line has a 3K Ohm pullup to +5V and 
should be driven with an open collector output. 


INT IN: 


Interrupt daisy chain input from higher priority peri- 
pheral devices. Will present no more than 4 standard 
TTL loads to the driving device. 


INT OUT: 


Interrupt daisy chain output to lower priority peri- 
pheral devices. This line will drive 4 standard TTL 
loads. 


I/O SELECT 


: 256 addresses are set aside for each peripheral connector 
(see address map in "MEMORY" section). A read or write 
of such an address will send pin 1 on the selected 
connector low during 0^ (500nS). This line will drive 
4 standard TTL loads. 


I/O STROBE 


: Pin 20 on all peripheral connectors will go low during 
0„ of a read or write to any address C800-CFFF. This 
line will drive a total of 4 standard TTL loads. 


IRQ": 


Interrupt request line to the 6502. This line has a 
3K Ohm pullup to +5V and should be driven with an open 
collector output. It is active low. 


MP • 


No connection. 


NMT; 


Non Maskable Interrupt request line to the 65^2. This 
line has a 3K Ohm pullup to +5V and should be driven with 
an open collector output. It is active low. 




A IMHz (nonsymmetrical) general purpose timing signal. Will 
drive up to a total of 16 standard TTL loads. 


RDY: 


"Ready" line to the 6502. This line should change only 
during 0,, and when low will halt the microprocessor at 
the next READ cycle. This line has a 3K Ohm pullup to 
+5V and should be driven with an open collector output. 


RES: 


Reset line from "RESET" key on keyboard. Active low. Will 
drive 2 MOS loads per Peripheral Connector. 
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R/W: 


READ/WRITE line from 65j02. When high indicates that a read 
cycle is in progress, and when low that a write cycle is 
III pruyrebb. ims line Will urivc up to a total Of 16 
standard TTL loads. 


USER 1 


iiic iuiiuuign 01 cms line Will De aescriDed in a later 
document. 




1 iii-r upr ucessor pnase '/ ciocK. will drive up to a total of 
16 standard TTL loads. 




rridie i ciocK, complement ot jij^. will drive up to a total 
of 16 standard TTL loads. " 


7M: 


Seven MHz high frequency clock. Will drive up to a total 

nf Ifi ctanrlavrl TTI Inarlo 

\J 1 lU 3L>QllUCIfU 1 1 |_ lOClCIS. 


+12V: 


rus 1 L 1 vc Ifc-vUiL supply. 


+5V: 


Possitive 5-Volt supply 


-5V: 


Negative 5-Volt supply. 


-12V: 


Negative 12-Volt supply. 


POWER 


CONNECTOR 


The four voltages required by the APPLE II are supplied via this 
AMP #9-35028-1,6 pin connector. See location and pin out in Figures 
1 and 5. 


PIN DESCRIPTION 


GND: 


(2 pins) system circuit ground. Volt line from power 
supply. 


+12V: 


Positive 12-Volt line from power supply. 


+5V: 


Positive 5-Volt line from power supply. 


-5V: 


Negative 5-Volt line from power supply. 


-12V: 


Negative 5-Volt line from power supply. 
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Figure 4 PERIPHERAL CONNECTORS 
(EIGHT OF EACH) 

TOP VIEW 

PINOUT (Back Edge of PC Board) 
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( Toward Front Edge of PC Board) 

LOCATIONS J2 TO J12 



PINOUT 



Figure 5 POWER CONNECTOR 
TOP VIEW 

( Toward Right Side of PC Board) 



(BLUE/WHITE WIRE) -12V 
(ORANGE WIRE) +5V 
(BLACK WIRE) GND 




-5V (BLUE WIRE) 
+ 12V (ORANGE/WHITE WIRE) 
GND (BLACK WIRE) 



LOCATION K1 
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SPEAKER CONNECTOR 

This is a MOLEX KK 100 series connector with two .25" square pins on 
.10" centers. See location and pin out in Figures 1 and 6. 

SIGNAL DESCRIPTION FOR SPEAKER 
+5y: System +5 Volts 

SPKR: Output line to speaker. Will deliver about .5 watt into 
8 Ohms. 



Figure 6 



SPEAKER CONNECTOR 



cc 

> ^ 

in Q. 
+ OT 



PINOUT 



cn 

■a TJ 

UJ i- 

+-> o 

C CO 

o 

i- o 

Ll_ Q. 



Right £dge of PC Board 

LOCATION 81 4A 



VIDEO OUTPUT JACK 

This standard RCA phono jack located at the back edge of the APPLE II 
P.C. board will supply NTSC compatible, EIA standard, positive composite 
video to an external video monitor. 

A video level control near the connector allows the output level to be 
adjusted from to 1 Volt (peak) into an external 75 OHM load. 

Additional tint (hue) range is provided by an adjustable trimmer capacitor. 

See locations illustrated in Figure 1. 
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AUXILIARY VIDEO OUTPUT CONNECTOR 



This is a MOLEX KK 100 series connector with four .25" square pins 
on .10" centers. It provides composite video and two power supply 
voltages. Video out on this connector is not adjustable by the on 
board 200 Ohm trim pot. See Figures 1 and 7. 



SIGNAL DESCRIPTION 

GND : System circuit ground. Volt line from power supply. 

VIDEO : NTSC compatible positive composite VIDEO. DC coupled 
emitter follower output (not short circuit protected). 
SYNC TIP is Volts, black level is about .75 Volts, and 
white level is about 2.0 Volts into 470 Ohms. Output level 
is non-adjustable. 

+12V: +12 Volt line from power supply. 

-5V: -5 Volt line from power supply. 



Figure 7 AUXILIARY VIDEO OUTPUT CONNECTOR 

PINOUT 



+ 12V 
-5V 
VIDEO 
GND 



5- 

<a 
o 

CQ 

o 

Q- 

o 

0) 

■o 

Ul 

u 

(0 
CD 



Right Edge of PC Board 



LOCATION J14B 
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INSTALLING YOUR OWN RAM 



THE POSSIBILITIES 

The APPLE II computer is designed to use dynamic RAM chips organized 
as 4096 X 1 bit, or 16384 x 1 bit called "4K" and "16K" RAMs 
respectively. These must be used in sets of 8 to match the system 
data bus (which is 8 bits wide) and are organized into rows of 8. 
Thus, each row may contain either 4096 (4K) or 16384 (16K) locations 
of Random Access Memory depending upon whether 4K or 16K chips are 
used. If all three rows on the APPLE II board are filled with 4K 
RAM chips, then 12288 (12K) memory locations will be available for 
storing programs or data, and if all three rows contain 16K RAM 
chips then 49152 (commonly called 48K) locations of RAM memory will 
exist on board! 



RESTRICTIONS 

It is quite possible to have the three rows of RAM sockets filled with 
any combination of 4K RAMs, 16K RAMs or empty as long as certain rules 
are followed: 

1. All sockets in a row must have the same type (4K or 16K) 



2. There MUST be RAM assigned to the zero block of addresses. 



ASSIGNING RAM 

The APPLE II has 48K addresses available for assignment of RAM memory. 
Since RAM can be installed in increments as small as 4K, a means of 
selecting which address range each row of memory chips will respond 
to has been provided by the inclusion of three MEMORY SELECT sockets 
on board. 



RAMs. 



Figure 8 



MEMORY SELECT SOCKETS 



PINOUT 



TOP VIEW 



(0000-OFFF) 4K "0" BLOCK 1 

(1000-1FFF)4K"1" BLOCK 2 

(2000-2FFF) 4K "2" BLOCK 3 

(3000-3FFF) 4K "3" BLOCK 4 

(4000^FFF) 4K "4" BLOCK 5 

(5000-5FFF) 4K "5" BLOCK 6 

(g000-8FFF) 4K "6" BLOCK 7 



14 
13 
12 
11 
10 
9 

a 



RAM ROW C 
RAM ROW D 
RAM ROW E 
N.C. 

16K "0" ^LOCK (0000-3FFF) 
16K "4" BLOCK (4000-7FFF) 
16K "8" BLOCK (8000-BFFF) 



LOCATIONS D1, E1, F1 
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MEMORY 



TABLE OF CONTENTS 

1 . INTRODUCTION 

2. INSTALLING YOUR OWN RAM 

3. MEMORY SELECT SOCKETS 

4. MEMORY MAP BY 4K BLOCKS 

5. DETAILED MAP OF ASSIGNED ADDRESSES 



INTRODUCTION 

APPLE II is supplied completely tested with the specified amount of 
RAM memory and correct memory select jumpers. There are five different 
sets of standard memory jumper blocks: 

1. 4K 4K 4K BASIC 

2. 4K 4K 4K HIRES 

3. 16K 4K 4K 

4. 16K 16K 4K 

5. 16K 16K 16K 

A set of three each of one of the above is supplied with the board. 
Type 1 is supplied with 4K or 8K systems. Both type 1 and 2 are 
supplied witiv 12K systems. Type 1 is a contiguous memory range for 
maximum BASIC program size. Type 2 is non-contiguous and allows 8K 
dedicated to HIRES screen memory with approximately 2K of user BASIC 
space. Type 3 is supplied with 16K, 2jaK and 24K systems. Type 4 
with 30K and 36K systems and type 5 with 48K systems. 

Additional memory may easily be added just by plugging into sockets 
along with correct memory jumper blocks. 

The 65j62 microprocessor generates a 16 bit address, which allows 
65536 (commonly called 65K) different memory locations to be specified. 
For convenience we represent each 16 bit (binary) address as a 4-digit 
hexadecimal number. Hexadecimal notation (hex) is explained in the 
Monitor section of this manual. 

In the APPLE II, certain address ranges have been assigned to RAM 
memory, ROM memory, the I/O bus, and hardware functions. The memory 
and address maps give the details. 
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MEMORY SELECT SOCKETS 

The location and pin out for memory select sockets are illustrated 
in Figures 1 and 8. 



HOW TO USE 

There are three MEMORY SELECT sockets, located at Dl , El and Fl 
respectively. RAM memory is assigned to various address ranges by 
inserting jumper wires as described below. All three MEMORY SELECT 
sockets MUST be jumpered identically! The easiest way to do this 
is to use Apple supplied memory blocks. 

Let us learn by example: 

If you have plugged 16K RAMs into row "C" (the sockets located at 
C3-C10 on the board), and you want them to occupy the first 16K of 
addresses starting at 0000, jumper pin 14 to pin 10 on all three 
MEMORY SELECT sockets (thereby assigning row "C" to the 0000-3FFF 
range of memory) . 

If in addition you have inserted 4K RAMs into rows "D" and "E", and 
you want them each to occupy the first 4K addresses starting at 4000 
and 5000 respectively, jumper pin 13 to pin 5 (thereby assigning row 
"D" to the 4000-4FFF range of memory), and jumper pin 12 to pin 6 
(thereby assigning row "E" to the 5000-5FFF range of memory). Remember 
to jumper all three MEMORY SELECT sockets the same. 

Now you have a large contiguous range of addresses filled with RAM 
memory. This is the 24K addresses from 0000-5FFF. 

By following the above examples you should be able to assign each 
row of RAM to any address range allowed on the MEMORY SELECT sockets. 
Remember that to do this properly you must know three things: 

1. Which rows have RAM installed? 

2. Which address ranges do you want them to 
occupy? 

3. Jumper all three MEMORY SELECT sockets the 
same! 

If you are not sure think carefully, essentially all the necessary 
information is given above. 
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Memory Address Allocations in 4K Bytes 



0000 



1000 



aooo 



3000 



4000 



5000 



6000 



7000 



text and color grtphioa 
display pkgea, 6902 staok, 
pointers, etc. 



blgh res grspblos display 
primary page 



high res. grapbics display 
secondary page 



BOOO 



BO 00 



AOOO 



BOOO 



COOO 



addresses dedicated to 
hardware functions 



DOOO 


ROU 


socket 

11 


DO: 


spare 




ROM 


socket 

ti 


D8: 


spare 


EOOO 


ROM 


socket 

)i 


EO: 


BASIC 




ROM 


socket 

n 


£8; 


BASIC 


FOOO 


ROM 
ROM 


sockst 
soekst 


70: 
7B: 


BASIC 

Utility 

monitor 



Memory Map Pages to BFF 



HEX 

AODRESS(ES) 


USED 
BT 


USED TQit 


COMMENTS 


PAGE 2ERO 


UTILITY 


register area for "sweet 16" 
16 bit firmware processor. 




OOOO-OOIT 




002O-OO4O 


MONITOR 






004E-0047 


MONITOR 


holds a 16 bit number that 
is randomized with each key 
entry. 




0050-0055 


DTILITT 


integer multiply and divide 
work space. 




0055-OOFF 


BASIC 






0070- OOFF 


UTILITY 


floating point work space. 




PAGE ONE 




Gubroutine return stack. 




0100-01^ 


6502 




PAGE TWO 




character input buffer. 




0200-0277 






PAGE THREE 




Y (control Y) will cause 
a'^JSR to this location. 




0378 


MONIIDR 




037B 




NMI'B are vectored to this 
location. 




03FE-0377 




IRQ' 8 are vectored to the 
address pointed to by these 
locations. 




0400-07K7 


DISPLAY 


text or color graphics 
primary page. 




0800-0877 


DISPLAY 


text or color graphics 
secondary page. 


BASIC Initializes 
LOtlEM to location 
0800. 
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> 


I/O and ROM Address Detail 






HEX 

ADDRESS 


ASSIGNED FUNCTION 


COMMENTS 






coox 


Keyboard input . 


Keyboard strobe appears in bit 
7. ASCII data from keyboard 
appears in the 7 lower bits. 






COIX 


Clear keyboard strobe. 








C02X 


Toggle cassette output. 








C03X 


Toggle speaker output. 








C04X 


••C040 STB" 


Output strobe to Game I/O 
connector. 






C050 


Set graphics mode 








C051 


" text " 








C052 


Set bottom 4 lines graphics 








C053 


text 








C054 


Display primary page 








C055 


" secondary page 








C056 


Set high res. graphics 








C057 


" color " 








C058 
G059 


Clear "AND" 
Set 


Annunciator output to 
Game I/O connector. 






C05A 
C05B 


Clear "ANl" 
Set 


Annunciator 1 output to 
Game I/O connector. 






C05C 
C05D 


Clear "AN2" 
Set 


Annunciator 2 output to 
Game I/O connector. 






COSE 
C05F 


Clear "AN3" 
Set " 


Annunciator 3 output to 
Game I/O connector. 
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HEX 

ADDRESS 


ASSIGNED FUNCTION 


COMMENTS 


C060/8 
C061/9 


Cassette input 
"SWl" 


State of "Cassette Data In" 
appears in bit 7. 

input on 
State of Switch 1 y\ Game 
I/O connector appears in bit 7. 


C062/A 


"SW2" 


State of Switch 2 input on 
Game I/O connector appears 
in bit 7. 


C063/B 


"SW3" 


State of Switch 3 input on 
Game I/O connector appears 
in bit 7. 


C064/C 


Paddle timer output 


State of timer output for 
Paddle appears in bit 7. 


C065/D 


1 


State of timer output for 
Paddle 1 appears in bit 7. 


C066/E 


II 2 " 


State of timer output for 
Paddle 2 appears in bit 7. 


C067/F 


II 2 It If 


State of timer output for 
Paddle 3 appears in bit 7. 


C07X 


"PDL STB" 


Triggers paddle timers 
during (p^. 


C08X 
C09X 


DEVICE SELECT 
1 


Pin 41 on the selected 
Peripheral Connector goes 
low during (p^- 


COAX 


2 




COBX 


" 3 




COCX 


" 4 




CODX 


5 




COEX 


6 




COFX 


7 




ClOX 


" 8 


Expansion connectors. 


CllX 


9 




C12X 


A 


n 
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HEX 

ADDRESS 


ASSIGNED 


FUNCTION 


COMMENTS 


C13X 


DEVICE SELECT 


B 


- 


C14X 


ti 




c 




C15X 


It 




D 




C16X 


(t 








C17X 


M 




F 




CIXX 


I/O SELECT 




1 


Pin 1 on the selected 


C2XX 








Peripheral Connector goes 


II 




2 


low during • 


C3XX 


II 




3 


NOTES : 


C4XX 








1. Peripheral Connector 


M 




4 


does not get this 










signal . 


C5XX 


11 




5 










2. I/O SELECT 1 uses the 


C6XX 


1 1 




6 


same addresses as 








DEVICE SELECT 8-F 


C7XX 


II 




7 




C8XX 


It 




8, I/O STROBE 


Expansion connectors. 


C9XX 


It 




9, 




CAXX 


II 




A, 




CBXX 


11 




B, 




CCXX 


11 




C, 




CDXX 


II 




D, 




CEXX 


II 




E, 




CFXX 


II 




F, 




D000-D7FF 


ROM socket 


DO 




Spare . 


D800-DFFF 


It II 


D8 




Spare . 


E000-E7FF 


M It 


EO 




BASIC. 




II It 


E8 




D A O T O 


F000-F7FF 


II II 


FO 




IK of BASIC, IK of utility. 


F800-FFFF 


M M 


F8 




Monitor . 
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SYSTEM TIMING 



SIGNAL DESCRIPTIONS 



14M: 



Master oscillator output, 14.318 MHz +/- 35 ppm. All other 
timing signals are derived from this one. 



7M : Intermediate timing signal, 7.159 MHz. 

COLOR REF : Color reference frequency used by video circuitry, 3.580 MHz, 

0o ; Phase clock to microprocessor, l.(?23 MHz nominal. 
0i: 



h.' 
Q3: 



Microprocessor phase 1 clock, complement of 0o> 1.023 fiHz 
nominal . 

Same as 0o- Included here because the 65^2 hardware and 
programming manuals use the designation 02 instead of 0o. 

A general purpose timing signal which occurs at the same 
rate as the microprocessor clocks but is nonsymmetrical. 



MICROPROCESSOR OPERATION S 

AD DRESS ; The address from the microprocessor changes during 0i, 
and is stable about 300nS after the start of 0i. 

DATA WRITE : During a write cycle, data from the microprocessor 

appears on the data bus during 02 > and is stable about 
3&CfnS after the start of 02. 

DATA READ: During a read cycle, the microprocessor will expect 

data to appear on the data bus no less than lOOnS prior 
to the end of 02. 



TIMING CIRCUITRY 
BLOCK DIAGRAM 



SYSTEM TIMING DIAGRAM 

TIMING RELATIONSHIPS 



MASTER 
OSCILLATOR 



TIMING 
CIRCUITRY 



^ jwinnjmfinjinmuuTJTJUinjin^^ 



- <co'-o""EF> J |_j i_j |_| L-J !_! LJ L 



<M> jiJijnjnjnjTjnjnjnjnjnjn_rLrL 



*2 ~J 
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REFERENCE 

OSCILLATOR 

AND 

SYSTEM 

TIMING 



FIG. S-3 



HPE 



SYNC 
COUNTER 



FIG. S-4 



SYNC OUT BUS — ► 



TIMING BUS 



— TIMING BUS 



MPU 
AND 
BUS 

DRIVERS 



FIG. S-2 



ADDRESS BUS 

n n 





t 

V) 












ffl 






< 












O 











DATA BUS 



I I I I I I 



ADDRESS BUS 



I I I I I I 



DATA OUT 



DATA IN — 



8K-12K 

ROM 

MEMORY 

BASIC 

AND 

SYSTEM 

MONITOR 

FIG. S-5 



4K/16K 

RAM 

SELECT 



FIG. S 6 



RAM 
ROW 
SELECT 



4K - 48K 
RAM 

MEMORY 



FIG. S-8 



RAM 

ADDRESS 
SELECT 



RAM 

ADDRESS 
MUX 



FIG. S-7 



*- ADDRESS DECODE 



VIDEO 

GENERATOR 



FIG. S-11 



I COMPOSITE VIDEO OUT 



I AUXILIARY VIDEO OUT 



TO ALL SECTIONS 



POWER IN 
+ 12V 

+ 5V 

-5V 
-12V 
GND 



PERIPHERAL 
I/O 



FIG. S-9 



B DECODED 
PERIPHERAL 

CONNECTORS 







ONBOARD 
I/O 



FIG. S-10 



— DATA OUT 



3 



4* GAME I/O 



4 CASSETTE IN 



^ CASSETTE OUT 
EI 



I KEYBOARD 



» SPEAKER 



DMA BUS 



HGURE S- 1 APPLE II SYSTEM DIAGRAM 



141 



"DTCA2DOC-469-141.PICT" 710 KB 2001-06-26 dpi: 1000h x 1000v pix: 4849h x 6095v 



Source: David T Craig 



Page 0145 of 0156 



Apple 2 Computer Information • Document 469 • Apple 2 Reference Manual (Jan. 1978) 



2 < fADO> 

3 <AD1> - 

4 <7D2> 

5 <703> 

8 <AD4> 
7 <ADS> 
a <AD6> - 

9 <AD7V 



8T97 

(PINS r & »S TRISTATE) 
11 



SYSTEM 
ADDRESS < 
BUS 



<AD8> 
' <A09> 



2 <ADTo>- 

3 <AD11> 



<ADT2> - 
5 <AD13> - 
« <AD14> 
7 <AD1S> 

s <r7vvV 



FROM PERIPHERAL l/Os 
SEE fHG S-9 



FROM REFERENCE 
OSCILLATOR AND TIMING 
SEE FIG. S-3 



29 <iNR > 
38 < 7M > 

38 < »1 > 
39 <USER 1> 
20 < I/O SEL> 

IB <R/W> 



H5 



H4 



HS 

9 



H5 



H4 



H3 



H3 



H3 



H3 



H3 



H4 

77 



H4 

3. 



H4 

3 



HS 



K5 



H4 



HS 



i f2 


Q 

. 9 


AO 






i 4 


10 


A1 








1 1 


A2 






i (0 


12 


A3 






i 6 


11 
f J 


A4 










AS 






i '2 


t5 


A6 








t6 


A7 






i 4 


^ 7 


A8 






2 


76 


A9 








79 


A10 






1 


20 


A1 1 






12 


22 


A12 






'12 


23 


A13 






<yi4 


24 


A14 






1 ?^ 


23 


A1S 






14 


34 


R/W 



+5V 



+5V 

J 




FROM 
^ PERIPHERAL l/O's 
SEE FIG. S-9 



FROM KEYBOARD AND 
PERIPHERAL l/O s 
SEE FIG. S-9 &S- 11 



TRISTATE 
SYSTEM 
DATA 
BUS 



AVAILABLE ON 
S 50 PIN PERIPHERAL 
I/O CONNECTOR 



SYSTEM TIMING 
FIG. S-3 



NOT AVAIUBLE ON 
50 PIN PERIPHERAL 
I/O CONNECTOR 



8T20 

(PINS 7 & 15 TRISTATE) 



CMr> 

<^ 
<]jM> 

<LD194> 

< LOPS > 



< COLOR REF> 



FIGURE S-2 MPU AND SYSTEM BUS 
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CLOCK IN 

FROM 
SYSTEM < LDPS > - 
TIME 



RG. S-3 



SOFT 5 +5V 

J.. 

7 



10 



2 



VCC 
CEP 

CET 
CLR 
PO 
PI 
P2 
P3 
CL 



QO 

D14 

02 



03 



74LS161 



PE lO- 

TC GND 



SOFT 5 +5V 

1 



15 \B 



14 



13 



12 



10 



Vcc CET CEP 
CLR PE 



P2 



D13 



02 



PO 00 

74LS161 
P1 01 



CL 



03 
P3 

TC QND 



+5V 

L 



SOF T S , 
. "=■ 2 



IS Ja 



14 



13 



10 



Vcc CET CEP 
PO 00 

P2 °^ 

P3 02 

74LS161 
CLR 03 



PI 
CL 



PE lo- 

TC GND 



rSV 



SOFTS, 

6 

2 



15 



J 



13 



10 



Vcc CET CEP 
PC PE 

PI D11 TC 

P2 00 

74LS161 
CLR 01 



P3 
CL 



02 

03 
GND 



T 



13 



12 



SYNC OUT 
- <DM-14) HO 
- <D14-13) HI 
- (D14'12) H2 
KPU-lQ H3 



- CD13-12) HPS 
■ <D13-14) H4 
- (D13-13) H5 
■ <D13-11) VA 



- (D12-14) VB 
- (D12 13) VC 
- (D12-12) VO 
- < 012-11) VI 



- (D11-14) V2 
- (DIM 3) V3 
-(D11-12) V4 



N.C. 



FIGURE S-4 SYNC COUNTER 
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SCREEN 
ADDRESS 
FROM < 
SYNC 
COUNT 

FI6. 



H3 CD^'»-11> 
H4 CD13-14> 

V3 (D11-13V 



V4 CD1M2> 



H5 CD13-13 



HIRES ( Bl1-6> 

FIG. S-11 

VA (D13-11> 
FIG. S-4 ' ' 

VB CD12-14> 

FIG. S-4 ^' ' 



PAGE 2 C Fl4-6> 
FIG. S-10 



SOFTS. 



AX 

40 <"*o" 



"D" SOURCES ARE 
FROM SYNC COUNT 
FIG. S-4 



HO CP14-14> 
2 < ADQ> - 

H1 CD14-13> 
3<AD1>- 



+5V 




Vcc 

A1 



E14 



S3 



74LS283 



Si 



04 



GNO 



T 



<AD5> - 



70 



<a56>- 



<:ax> 



H2 CD14-12> 
* <AD2>- 



5 <AD3 



6 < rAD4> - 
•2— N.C. V2 CDn-i4> 
" <AD9> - 



< rAx> 

< '' Q > 



+ 5V 

L 



74LS04 

(1/6) 



Vcc 

s 

C12' 

Ma 

74LS257 

Mb (1/2) 

IOt> 



Za 



Zb 



loa 



GNO 



V0 (D12-12> - 
g <AD7> - 

VI (D12 11> 
TO <AD8> -- 



M <AD10> 



»3 <AD11 



+ 5V 

k 



SO Si Vcc 
128 

13a 

.b ^ 



»3b 

na 

11a 
lOb 



74LS153 



Zb 



lib 

Ea Eb GND 



+ 5V 
? |)fi 



SO SI Vcc 
12a 

13a 

E12 

I2b Za 



13b 
lOa 
II* 
lob 



74LS153 



Zb 



Mb 

la Eb QND 



+ 5V 

k 



SO Sl Vcc 
12a 



13a 
12b 
13b 
lOa 
Ma 
lOb 



Ell 



74LS1S3 



Zb. 



Mb 

la lb GNO 



- (E13.7) A2 
- (El 3-9) A5 



- <E12-7) A1 



<E12-9) A4 



TO 
V RAM 
f ADDRESS 
LINES 

FIG. S-8 



r El 1-7) AO 



■ < El 1-9) A3 



•SEE FIG. S-6 FOR OTHER HALF OF Cl2 



RGURES-7 RAM ADDRESS MUX 



147 



"DTCA2DOC-469-147.PICT" 400 KB 2001-06-26 dpi: lOOOh x lOOOv pix: 4643h x 6026v 



Source: David T Craig 



Page 0151 of 0156 



Apple 2 Computer Information • Document 469 • Apple 2 Reference Manual (Jan. 1978) 



<DAO> 



48 <DA1> 



47 <DA2 



RAM 
DATA < 
IN 



46 <DA3>- 



<DA5> 



<DA6> - 



<DA7>- 



^ 

ROW C ROW C 
CAS CS/A6 



FROM 4K/16K SELECT 
FIG. S-6 

I. II 



ROW D ROW D 
CAS CS/A6 



ROW E ROW E 

CAS CS/A6 



03 



RAM 



C4 



RAM 



05 



RAM 



15 13 



06 



RAM 



07 



RAM 



08 



RAM 



15 13 



09 



RAM 



010 



RAM 



D3 



RAM 



04 



RAM 



14 



D5 



RAM 



D6 



RAM 



07 



RAM 



D8 



RAM 



D9 



RAM 



13 



D10 



RAM 





ii. 


) C§i 


■^2) 




15 


13 




E3 


RAM 












15 


13 




E4 


RAM 












IS 


'3 


E5 


RAM 












15 


13 




E6 


RAM 












IS 


13 




£7 


RAM 












15 


13 




E8 


RAM 












IS 


13 




E9 


RAM 












IS 


13 




E10 


RAM 











RAM PINOUT DETAIL 



-5V 
FROM SYSTEM- 



+ 12V 



1 


Vbb 


GND 


16 




01 


CA§ 




> 3_ 


R/W 


00 


14 


4_ 


BAS 


CSI 
A6 




5 
6 


4K/16K 
AS A2 
RAM 

A4 A1 


12 
11 


7 


A3 


AO 


10 


^ 9 


Vdo 


VCC 


9 ^ 



■ DECODED BY ROW 
• TO LATCHES 
•DECODED BY ROW 



f5V 



FIGURE S-8 4K TO 48K RAM MEMORY WITH DATA LATCH 



148 



"DTGA2DOG-469-148.PIGT" 498 KB 2001-06-26 dpi: 1000h x 1000v pix: 5054h x 5930v 



Source: David T Craig 



Page 0152 of 0156 



Apple 2 Computer Information • Document 469 • Apple 2 Reference Manual (Jan. 1978) 




z 

SI 
oc 

g 

z 
z 
o 
u 

o 

iZ 



en 
I 

(A 
UJ 
OC 
3 
O 
E 



149 

"DTCA2DOC-469-149.PICT" 657 KB 2001-06-26 dpi: 1000h x 1000v pix: 4670h x 6423v 



Source: David T Craig 



Page 0153 of 0156 



Apple 2 Computer Information • Document 469 • Apple 2 Reference Manual (Jan. 1978) 




150 

"DTCA2DOC-469-150.PICT" 666 KB 2001-06-26 dpi: 1000h x 1000v pix: 4000h x 6382v 



Source: David T Craig 



Page 0154 of 0156 



Apple 2 Computer Information • Document 469 • Apple 2 Reference Manual (Jan. 1978) 





lOB 


vcc 


100 


A8 


lie 


74LS257 


s 




eONOZA 


ZC UA MA I1B too ZD ZB 



FROM ADO „^„ 



FROM 
SYSTEM 
TIME 
Fia. 3-3 



FROM 
LATCHED 
RAM 
DATA 

FIG. S-8 



{ 



- CC13-6) TO C12-14 
4K/16K 
SELECT 
FIG. s-a 



FROM f TEXT / . 

AOORRESS J MODE <EB> 
DECODER F14 MX (f^ 
FiO.S-10 [mode 

FROM SYNC rV2C^I]l 

FROM SYSTEM TIME <Sa5> 
FIG. 3-3 




122) ENABLE 
TO HI. C12 
4K/16K 
SELECT 

FIG. S-6- 



FIGURES-11 VIDEO GENERATOR 



151 



"DTCA2DOC-469-151.PICT" 631 KB 2001-06-26 dpi: 1000h x 1000v pix: 4698h x 6026v 



Source: David T Craig 



Page 0155 of 0156 



Apple 2 Computer Information • Document 469 • Apple 2 Reference Manual (Jan. 1978) 



'''.V 



^4- 



.5 




10260 ©AMDLEY DRIVE , ,, 
CUPERTINO, CALIFORNIA 95014 U.siA. 
TELEPHONE (408) 99fe-1010 ' " 



"DTCA2DOC-469-999.PICT" 230 KB 2001-06-25 dpi: 600h x 600v pix: 3241h x 4085v 



Source: David T Craig 



Page 0156 of 0156 



